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© Controlled release formulations coated with aqueous dispersions of acrylic polymers. 

© A stable solid controlled release formulation having a coating dorivod from an aqueous d.sporsion of a 
hydrophobic acrylic polymer includes a substrate including an active agent selected from the group consisting of 
a systemically active therapeutic agent, a locally active therapeutic agent, a disinfecting and sanitizing agent a 
cloansmg agent, a fragranco agent and a fertilizing agont, ovorcoated with an aquoous dispersion of tho 
plast.cizod water-insolublo acryl.c polymer. The formulation provides a stable dissolution of tho active agont 
which is unchanged aftor exposure to accelerated storage conditions. 
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B ACKGROUN D O F THE INVENTION 

An important aspect of (ho manufacture regulatory rov.ow and approval of all dosago forms concerns 
Iho.r stability ovor oxtondod poriods of l,-no. Tho stability data obtained with regard to a particular dosago 
s form d-roctly affects its sholf-lifo. The stability of a pharmaceutical dosage form j S related to maintaining its 
physical, chom.cal. microbiological, thorapoulic. and toxicological proportios when storod i.o., in a particular 
conta.nor and environment. Stability study roquiromonts aro covered, o.g., in the Good Manufacturing 
Practices (GMPs), the U.S.P.. as well as in the regulatory roquiromonts of the country where approval to 
market a dosago form is being sought. In tho United Statos, a request to test, and ovontuaily market a drug 
to or a drug formulation may bo mado via a Now Drug Application (NOA). an Abbroviatod Now Drug 
Application (ANDA) or an Investigational Now Drug Applications (INO). 

Tho agonts usod in sustained roloaso dosago formulations ofton prosont spocial probloms with regard 
to thofr physical stability during storago. For oxamplo, waxes which havo boon usod in such formulations 
aro known to undorgo physical alterations on prolongod standing, thus precautions are takon to stabilizo 
'5 thorn at tho limo of manufacturo or to prevent tho chango from occurring. Fats and waxy matoriais when 
usod In purlflod statos aro known to crystallizo in unstablo forms, causing unprodictablo variations in 
availability ratos during stability testing at tho time of manufacturo and during lator storage. 

It is known that certain strategies can bo undertaken to obtain stabilized controilod reioaso formulations 
m many cases, such as insuring that tho individual agents aro In a stable form boforo they aro Incorporated 
?o into tho product, and that processing does not chango this condition, retarding tho instability by including 
additional additives, and inducing the Individual agents of tho dosago form to roach a stable state before tho 
product is finally completed. 

It is also recognized that the moisture content of the product can also Influonco the stability of tho 
product. Changes in the hydration level of a polymeric film, such as the ethyl celluloses, can alter the rate 
?s of water permeation and drug availability. Also, binders such as acacia aro known to become less soluble 
when exposed to moisture and heat. However, moisture content of a product can be controlled fairly 
successfully by controls in tho processing method and proper packaging of the product. 

Hydrophobic polymers such as certain cellulose derivatives, zein. acrylic resins, waxes, higher aliphatic 
alcohols, and polylaclic and polygiycolic acids havo been usod in the prior art to develop controlled release 
jo dosage forms. Methods of using these polymers to develop controilod release dosage forms such as 
tablets, capsules, suppositories, spheroids, beads or microspheres include incorporating these agents into a 
controlled release matrix or using certain of those agents in a controlled release coating of tho dosage form. 
It is known in tho prior art that hydrophobic coatings can be applied eithor from a solution, suspension or 
dry. Since most of the polymers used in controilod release coatings have a low solubility in water, thoy aro 
js usually applied by dissolving tho polymer in an organic solvent and spraying tho solution onto tho individual 
drug forms (such as beads or tablets) and evaporating off tho solvent. 

Aqueous dispersions of hydrophobic polymers have been usod in tho prior art to coat pharmaceutical 
dosage forms for aesthetic reasons such as film coating tablets or beads or for taste-masking. However, 
these dosago forms are used for immediate release administration of the active drug contained in tho 
jo dosage form. 

The use of organic solvents In the preparation of hydrophobic coatings is considered undesirablo 
because of Inherent problems with regard to flammability, carcinogenicity, environmental concerns cost, 
and safety in general. It is considered very desirable in tho art, however, to provido a controlled release 
coating derived from aqueous dispersions of a hydrophobic material, such as an acrylic polymor. 

While many formulations havo been experimentally prepared which rely upon a hydrophobic coating 
derived from an aqueous dispersion to provide controlled releaso of an activo agont. such formulations havo 
not proven to bo commercially viablo because of stability problems. Aqueous polymeric dispersions havo 
boon usod to produce stable controlled releaso dosage forms, but this has only boon possiblo by other 
mothods such as incorporation of the same into tho matrix of tho dosage form, rather than via the use of a 

so coating of the aqueous polymeric dispersion to obtain retardant properties. 

When coating using aqueous polymeric dispersions to obtain a desired release profile of tho activo 
agont(s) over several hours or longer, it is known in the art that the dissolution release profile changes on 
agoing, e.g. when the final coated product is stored for a period of time, during which time it may be 
oxposed to elevated temperature and/or humidity above ambient conditions. 

55 This was recently demonstrated by Munday, et al.. Drug Devel. and Indus. Phar., 17 (15) 2135-2143 

(1991), which reported the effect of storing theophylline mini-tablets film coated with ethyl cellulose with 
PEG (2:1 ratio; total coating = 3% w/w), ethyl cellulose with Eudragito L (2:1 ratio; total coating = 3% 
w/w); and Eudragito RL (amount of coating = 1.5% w/w) at varying temperatures and relative humidities 
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upon (ho rato of drug roloaso. Samplos w 0 ro sub|0C(od to isothormal storago at 28 • C 35 • C and 45 • C with 
tho relative humidity (RH) maintainod botwoon 55-60%. undor cyclic conditions of 45 'C at 55% RH for 24 
hours, then at 28 'C and 20% RH for 24 hours, and thon at 5'C and 10% RH for 24 hours, aftor which tho 
cyclo was ropoatod. and alternating cond.t.ons ovory 24 hours botwoon 45 'C and 55% RH and 28 • C and 
0% RH. Tho ogmg process brought about by storago undor tho abovo stress conditions impodod 
dissolution, .rrospoct.vo of tho nature of tho polymeric film. Tho greatest reduction in roloaso rato was said 
to occur m tho first 2t days (isothormal storage) aftor coating. 

While this instability problem is known not to exist whon tho polymers are applied from organic solvent 
solution, it has not boon possible to obtain a controlled roloaso formulation utilizing coatings proparod from 
such aquoous acrylic polymor dispersions which is stable undor various storago conditions. 

In particular, it Is known that controllod roloaso coatings of commercially ava.lablo acrylic polymors 
such as thoso sold undor tho tradonamo Eudragit® by Rohm Pharma GmbH are not stable whon cured 
according to rocommendod curing conditions ol 45 *C (or 2 hours. 

'5 OBJECTS AND SUMMARY OF THE INVENTION 

It Is therefore an object of the present Invonlion to provide a controllod release formulation of a 
substrate comprising an active agent, e.g. a therapeutically active agent, a disinfecting agont. a cleansing 
agent, a sanitizing agont and a fertilizing agent, coated with an aqueous dispersion of a hydrophobic acrylic 
polymer such that there Is a stable dissolution or other release profile ol the activo agent when placed In an 
environment of use. despite exposure to a variety ol storage conditions, including accelerated storaoo 
conditions. w 

It Is another object of the present invention to provide a controlled release formulation comprising a 
plurality of inert beads comprising an active agent, and a controllod releaso tablet comprising a core 
zs containing an active agent, the beads or tablet core being coated with an aquoous dispersion of a 
hydrophobic polymer and providing a reproducible, stable dissolution despite exposure to accelerated 
storage conditions, as well as a method of preparing the same. 

Still another object of the present invention is to provide a controlled releaso formulation comprising a 
substrate containing an active agent coated with an aqueous dispersion of a hydrophobic polymer which 
upon dissolution in-vitro provides a band range, when comparing tho dissolution profile of the formulation 
alter exposure to a variety ol storage conditions including "stressed" or accelerated storage conditions 
wh,ch is not widor than about 15% of total active agent released at any point of timo during tho dissolution. 

A lurther object of tho present invention is to provide a controllod releaso formulation wherein tho 
controlled release is caused by a coating on tho formulation of an aqueous dispersion of a hydrophobic 
polymor such as an acrylic polymer which coating provides a stable dissolution ol an active agont contained 
m the formulation, despite exposure to accelerated storage conditions such that tho dissolution would bo 
deemed acceptable by a governmental regulatory agency such as tho U.S. FDA for purposes of accordinq 
expiration dating. 

These objects and others have been accomplished by the present invention, which relates In part to a 
controlled release formulation comprising a substrate comprising an activo agont In an amount sufficient to 
provide a desired effect in an environment of use, the substrate being coated with an aqueous dispersion of 
plasticized pharmaceutical^ acceptable hydrophobic acrylic polymer in an amount sufficient to obtain a 
controlled release of said active agent when said lormulation is exposed to an environmental fluid and 
cured at a temperature greater than the glass transition temperature of the aqueous dispersion of plasticized 
acrylic polymor for a sufficient period of time until a curing endpoint is reached at which the coated 
substrate provides a stable dissolution of tho active agent which is unchanged aftor oxposuro to accelerated 
storage conditions. The endpoint may bo determined, e.g.. by comparing tho dissolution profile of tho 
formulation immediately alter curing to the dissolution profile of the formulation aftor exposure to acceler- 
ated storage conditions such as one to three months at a temperature of 37 • C and at a relative humidity of 
80%. or at a temperature of 40 • C and at a relative humidity of 75%. In certain preferred embodiments, tho 
substrate Is coatod to a weight gain from about 2% to about 25%. 

in other preferred embodiments, the coated substrate when subjected to in-vitro dissolution, releases 
said active agont in amounts which do not vary at any timo point along tho d.ssolution curve by moro than 
about 15% ol tho total amount of active agent released, when compared to the in-vitro dissolution of said 
55 coated substrate after curing. 

In yet other embodiments of the invention, the cured formulation provides a stabilized dissolution of 
said active agent which is unchanged after exposure to accelerated storage conditions, the stabilized 
d.ssolution being deemed appropriate by the United States Food & Drug Administration for the purpose of 
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according oxpiration dating for said formulation. 

Other preferred embodiments rolate to controlled release dosage formulation comprising a substrate 
coated w,(h an offect.ve amount of an aqueous d-spors-on of acrylic polymer to obta-n a controlled release 
of an active agent which formulation, after exposure to accelerated storage conditions, releases an amount 
of thorapoudcally activo agent which doos not vary at any g.von dissolution timo point by more than about 
20% of tho total amount of therapeutically oct.vo agont roleasod. whon comporod to in-v.tro dissolution 
conducted prior to storage Tho acrylic polymor proferably has a pormoabilily which is unnffoctod by tho pH 
conditions prevailing in tho gastrointostmal tract. 

In other embodiments, tho coatod substrate upon in-v.tro dissolution testing, providos a band range 
aftor oxposuro to accoleratod storage conditions which is not wider than about 20% at any point of timo 
whon compared to tho dissolution profile prior to oxposuro to tho accoloratod storage conditions. 

Tho activo agont may bo chosen for a wido varioty of usos, Including but not llmitod to systomically 
octivo thorapoutic agonts, locally activo therapeutic agonts, disinfectants, cloanslng agents, fragrances 
fortil.zors, deodorants, dyos. animal ropollonts, Insoct repellents, pesticides, horblcldos, fungicidos and 
t5 plant growth stimulants. 

Tho prosont Invention Is further rolatod to a solid controlled roloaso oral dosago formulation, comprising 
a substrate containing a systomically activo therapeutic agont In an amount sufflciont to provide a desirod 
thorapoutic effect whon said formulation is orally administered. Tho substrate is coatod with an aqueous 
dispersion of plasticized acrylic polymor and cured at a temperature groator than the glass transition 
temperature of tho aqueous dispersion of plasticlzed acrylic polymer for a period of time sufficient to obtain 
a controlled release of said active agent when measured by the USP Paddle or Basket Method at 100 rpm 
at 900 ml aqueous buffer (pH betweon 1.6 and 7,2) at 37 • C from about 0% to about 42.5% (by wt) activo 
agent released after 1 hour, from about 5% to about 60% (by wt) activo agent released after 2 hours, from 
about 15% to about 75% (by wt) active agent released aftor 4 hours, and from about 20% to about 00% (by 
wt) active agent released after 8 hours. The coated substrate has a stable release when comparing the rato 
of release of the active agent after exposing the coated substrate to accelerated conditions, to the release 
rate obtained immediately after curing. The dosage form preferably provides a therapeutic effect for about 
24 hours. The present invention further relates to a method of preparing the dosage form. 

The present invention is also related to a method for obtaining a controlled release formulation of an 
active agent, comprising preparing a solid substrate comprising an activo agont. coating the substrate with a 
sufficient amount an aqueous dispersion of plasticized acrylic polymer to obtain a predetermined controlled 
release of the active agent when the coated substrate is exposed to an environmental fluid, and curing tho 
coated substrate at a temperature greater than tho glass transition temperature of tho aqueous dispersion of 
plasl.cued acrylic polymer until a curing endpoint is reached at which said coated substrato providos a 
stabilized dissolution of said active agent which is unchanged after exposuro to accelerated storaqo 
conditions. 

The present invention Is further related to a method of treating a patient with an oral solid dosago form 
described above. In this method, present invention further comprises administering the oral solid dosago 
form comprising the cured, coated substrate to the patient to thereby obtain the desired therapeutic ofloct 
for about 12 to about 24 hours or more. In especially preferred embodiments, the oral solid dosage forms of 
the present invention provide a desired therapeutic effect for about 24 hours. 

In certain preferred embodiments of the present invention, the hydrophobic acrylic polymer is com- 
prised of copolymerizates of acrylic and methacrylic acid esters having a permeability which is unaffected 
by the pH conditions prevailing in tho gastrointestinal tract. Preferably, thoso copolymerizates furthor 
■is include a low content of quaternary ammonium groups, which occur as salts and aro responsible for tho 
permeability of the lacquer substances. 

Tho present invention provides many benefits over prior art coatings, including, but not limited to. 
avoidance of organic solvents which have inherent safety concerns (llammability. carcinogenicity, envi- 
ronmental concerns, cost, safety In general), and extended stability which may result in extended shelf life 
so and expiration dating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings are illustrative of embodiments of the invention and are not meant to limit tho 
ss scope of the invention as encompassed by the claims. 

Figure 1 is a micrograph of a pharmaceutical bead coated with the controlled release coating of tho 
present invention prior to curing; 
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prosZ, V:^T graPh °' C0a,9d b ° 3d d0P ' C,0d F ' 9Ur ° ' curi "9 in —dance with , ho 

Figure 3 is a graphical roprosonlalion of tho dissolution results of Comparative Example 13A- 
F.guro 4 is a graphical representation of tho dissolution rosults of Examplo 5- 

Figure 5 is a graphical representation comparing the plasma levels obtained by Example .3 against the 
plasma lovols obtained by Comparative Examplo 1 3A, 

Figure 6 is a graphical representation of the plasma levels obtained lor Examples HA and ISA- 
F.guro 7 , s a graphical representation el tho plasma lovols obtained (or Examples 14 and 1 5 ' 
F.guro 8 is a graphical representation of tho plasma lovols obtained for Examples 16 and 1 7- 

rSinJ ;; F 9rtP " C6 ': ep,9Senlalion °' (ho ^ levels obtained (or Examp.o 16A versus the results 
obtained for Examplos 16 and 17; and 

Figure 10 Is a graphical representation of tho plasma levels obtained for Examples 19 and 20 versus the 
plasma levels of Comparative Example 10A. 0 

'5 DETAILED DESCRIPTION 

The aqueous dispersions of hydrophobic acrylic polymers used as coatings In (he present Invention 
TchanlT K C °. 0t ?T SUCh " tabl6iS ' 5pher0 ' dS <° r beads >' -'crospheres. seeds, pellets on- 
•.o o Z ZZ gT' r T r ,,i - partiCU,a, ° SyS,6mS ln 0rder ,0 ob,ain a coniroBa! release of 

S n * , hT ?' Spher0idS - or P flllats ' elc - P">P a ^ In accordance with (he present Invention can 

any" u labfe IZZTZ " "2 0,h0r SU " 8b,e d ° Sa9 ° ,0rm - Th * Ub,e,S of ,h * P"^« may * 

any suitable shape, such as round, oval, biconcave, hemispherical, any polygonal shape such as souare 
rectangular, and pentagonal, and the like. square. 

In order to obtain a controlled release formulation, it is usually necessary to overcoat tho substrata 
? s compnsmg the active agent with a sufficient amount of the aqueous disperse of JjSp^lSS 

'etTor are^rV "T ^ ^ 2 «° ab0Ul 25 ^.nl. Shough J <Z£ ^ 

""f 1 ' depending upon the physical properties ol the active agon, and the desired release rate 
the Indus on of plast.c.zer In the aqueous dispersion and the manner of Incorporation of the same o 
example. In certain embodiments ol the invention, the controlled release coatings may be applied to the 
30 substrate up to. e.g., a 50% weight gain. "PP»ea 10 tne 

The cured, coated substrates of the present invention provide a stable dissolution profile (e.g.. release 
of the acuve agent ,n the environment of use) when stored (or extended periods of time a. room 

^ra P g7co r n e dU 1 dns ambien, (9 ' 9 " ^ ""'^ ™*< -ce'elated 

35 The terms "stable dissolution profile" and "curing endpoint" are defined for purposes of the present 

ZTn l 85 ™ anma ,h3t thQ Cured ' coated ^strato reproducibly provides a release of the active agen 

I ™S?J, n r enV,r0nm , ent °' US9 WHiCh 15 unchan 9 ed ' °™ •'«•' exposing tho cured, coated substrate 
to accelerated storage condit.ons. Those skilled in the art will recognize that by "unchanged" it is mean, 
that any change ,n the release ol the active agent from the cured, coated formulation would be deemed 
-0 msign, .cant ,n terms ol the desired effect. For pharmaceutical formulations, stability Is evaluated by eg a 
regulatory agency such as the Food & Drug Administration (FDA) in tho U.S., lor the purpose of according 
an expiration date (or the formulation. «<-cor 0 .ng 

lem nir Ph H 3 r "f CCelerated s,ora 9 Q conditions" it is meant, e.g.. storage conditions of elevated 

^ refers to storage conditions to which the final drug formulation Is subjected (or the purpose of obtaining 
rogulatorv approval (e.g.. FDA approval in the U.S.) and an expiration dato oo,a.n,ng 

,,mJd h rno m H e f ra,i0n , dat !"J S de ' in0d '° r PUrP ° SeS °' ,he present inven,,on " th * da "> designating the 
time dur.ng wh.ch a packaged batch o( the product (e.g.. the cured, coated substrate) is expected to remain 
w.th.n spec.(.ca«.on if stored under defined conditions, and alter which it should not be used 

50 h «!, y ,"T r0nmen ! al " Uid *'- " iS m6am ,h3t ,h ° (ormula,ion «» Placed In an aqueous solution (e.g.. in-vitro 
dissolufon) m simulated gastric fluid (e.g.. In accordance with the USP Basket Method (i.e.. 37-C 100 

" r * h0ur 700 ml 9 astric " uid wi ' h or without enzymes a. pH 1.2, then changed to 900 ml at pH 7 5) 
or in gastrointestinal fluid (in-vivo). P '' 

The term "band range" or "band width" for purposes of the present invention is delined as the 
5s difference in .n-v.tro dissolution measurements ol the controlled release lobulations when comparing the 
d.sso.u ,on prol.le (curve) obtained by the formulation upon completion ol the manufacturing ol the coated 
product (prior to storage) and the dissolution profile obtained after the coated product is exposed to 
accelerated storage conditions, expressed as the total (absolute) change in percent ol the active agen. 
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roloasod from (ho coatod product at any dissolution time poml along tho dissolution curvos 

In general, tho length of tho stud-os and (ho storage tost conditions required by regulatory agonr.es 
such as tho FDA for pharmaceutical formulations are sufficient to covor storago. shipment, and subsequent 
use Allowablo storago tost conditions may vary depending upon tho particulars of tho product For 
oxarnplo. tomporaturo sons.t.vo drug substancos should be stored under an alternative !ow 0 r tomporaturo 
condition, which is then doomod to be tho long torm testing storago tomporaturo. In such casos it is 
gonorally accoptod that tho accoloratod costing should bo earned out at a tomporaturo at loast 15 -C abovo 
this dosignatod long torm storago tomporaturo. togothor with appropriate rolativo humidity conditions for that 
tomporaturo. 

A gonorally accoptod accolorated tost employod in FDA guidelines rolatos to tho storage of a drug 
product (o.g., in its containor and packago) at 80% Rolat.vo Humidity (RH) and 37 «C (1965 FDA 
Quidolinos). If tho product holds up for. o.g., throo months undor thoso conditions (chomical stability 
dissolution, and physical characteristics), thon tho drug product will bo accordod, o.g., a two yoar expiration 
dato. This accoloratod tost is also now also considorod to bo accoptablo if conduclod at 75% RH and 40* C 
(FDA 1987 guidolinos). It has rocontly boon proposod that long-torm storago testing bo conductod for 
pharmaceutical formulations at 25 ■ C t 2 • C at not loss than 60% RH t 5% for a minimum t.mo poriod of 
12 months. It has boon further proposod that accelerated testing bo conductod for pharmaceutical 
formulations at 40'C:2'Cat 75% RH t 5% for a minimum time period of 6 months. All of the abovo- 
mentioned accelerated testing criteria and others ero deemed equivalent for purposes of tho present 
mvontion, with regard to the determination of stability and the determination of the curing endpolnt. All of 
tho above-mentioned accelerated testing conditions, as well as others known to thoso skilled In the art 
provide an acceptable basis for determining the curing (stability) endpolnt of the controlled release 
formulations of the present invention. 

The controlled release coatings of tho present Invention comprise aqueous dispersions of hydrophobic 
(wator-insoluble) acrylic polymers. In certain preferred embodiments, tho hydrophobic acrylic polymor 
coatings of the present invention have a solubility and permeability independent of the pH of tho fluid 
present in tho environmont of use. In the case of oral solid dosage forms, the hydrophobic acrylic polymers 
of tho present invention have a solubility and permeability independent of physiological pH values 
Hydrophobic acrylic polymers which may bo used in the formulations of tho present Invention aro derivod 
from acrylic acid or derivatives thereof. Acrylic acid derivatives include, for example, tho esters of acrylic 
ac.d and methacrylic acid, and tho alkyl esters of acrylic ac.d and melhacrylic acid. In certain proferrod 
embodiments, the alkyl esters of acrylic acid and methacrylic acid havo from about 1 to about 8 carbon 
atoms in the alkyl group. The monomers which may be used in the polymor coatings of the present 
invention also includo styreno and its homologs. vinyl estors such as vinyl acolato. and vinyt chlorido 
Gonorally, monomers forming hydrophobic water-.nsoluble polymers aro nonionic. Tho torm "non-ionic 
monomers" for purposes of the present invention is meant to includo not only monomers which havo no 
ionic groups (such as alkali metal carboxylate or sulfonate or tertammonium groups) in tho molecule but 
also monomers which are unable to form such groups with bases or acids. In many cases, the composition 
of the hydrophobic acrylic polymer coating may include other monomers. 

One skilled in the art will appreciate that the hardness and extensibility of the coating film and the 
lowest temperature at which film formation from the aqueous dispersion is possible are influenced by the 
particular monomers included in the hydrophobic acrylic polymer used in the present invention. Lower alkyl 
esters of methacrylic acid are known to form relatively harder homopolymers, which acrylic acid esters and 
tho higher alkyl esters of methacrylic acid provide relatively softer homopolymers. Alkyl groups having 
greater than 4 carbon atoms or aryl groups have a hydrophobizing effect and thoroby reduce the swelling 
capacity and diffusion permeability. 

In certain preferred embodiments of the present invention, the acrylic polymer also includes ono or 
more polymerizable permeability-enhancing compounds which will allow the activo agent enclosed within 
tho coating to be released at a desired diffusion rate, regardless of the prevailing pH value. In the case of 
oral solid dosage forms, the permeability-enhancing compound allows tho active agent to bo released at tho 
same diffusion rate in each region of the digestive (gastrointestinal) tract (regardless of pH) during passago 
of the dosage form therethrough: after having been substantially completely extracted, the coatings of the 
present invention are eliminated without decomposing. 

In certain preferred embodiments, the permeability-enhancing compound comprises at least one 
polymerizable quaternary ammonium compound. Such compounds are strong bases which are present as 
stable salts in a wide pH range, e.g.. throughout the entire physiological pH region, and are easily water 
soluble. The nature, and particularly the amount, of the quaternary ammonium compound present In the 
copolymeric agent are important factors affecting diffusion behavior. 
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Su.tablo polymorizablo quaternary ammonium compounds which may bo usod in th 0 coalings of tho 
rosont mvontron gonorally corrospond to tho gonoral formula 



to 



gonor 

R R t 
0 

CH 2 - C-CO-A-B-N-R 2 , X° , 



whoroin 

R Is hydrogen or mothyl; A Is oxygon or NH; B Is a linear or branched alkyl or Is an allcycllc hydrocarbon 
preferably having from about 2 to about 8 carbon atoms; R tl R ; and R,. takon alono. are tho somo or 
'5 d.lforont alkyl or aralkyl. and moro particularly are lower alkyl having from about 1 to about 4 carbon atoms 
or aro benzyl, or Rt and R2. taken together with the quaternary nltrogon atom, are plperldlnium or 
morphollnlum; and 

X' Is a cation, preferably of an inorganic acid, particularly chlorldo. sulfato, or methosulfato. 

Particular examples of polymorizablo quaternary ammonium compounds Include quaternized aminoalkyl 

so ostors and aminoalkyl amides of acrylic acid and methacryllc acid, for example /S-melhacryl-oxyethyl- 
tnmethyl-ammomum methosulfate. ^acryloxy-propyl-trlmethyl-ammonlum chloride and 
tr.methylamlnomethyl-methacrylamide methosulfate. The quaternary ammonium atom can also be part of a 
heterocycle, as In methacryloxyethylmethyl-morpholinium chloride or the corresponding piperidinlum salt or 
it can be joined to an acrylic acid group or a mothacrylic acid group by way of a group containing hetero 

zs atoms, such as a polyglycol ether group. Further suitablo polymerlzable quaternary ammonium compounds 
include quetern.zed vinyl-substituted nitrogen hetorocycles such as methyl-vinyl pyridinium salts vinyl 
esters ol quatermzed amino carboxylic acids, styryltrialkyl ammonium salts, and the like. 

Othor polymerizable quaternary ammonium compounds useful in tho present Invention are acryl- and 
methacryl-oxyethyltrimethylammonium chloride and methosulfate. benzyldimethylammoniumothyl- 

30 methacrylate chloride, diethylmethylammoniumethyl-acrylale and -methacrylate methosulfato N- 
tnmethylammoniumpropylmethacrylamide chloride. and N-trimethylammonlum-2 2-dimethylpropvl-1- 
methacrylate chloride. 

Further information concerning suitable hydrophobic acrylic polymers may bo obtained from U S Patent 
Nos. 3.520.970 and 4,737,357 (both assigned to Rohm G.m.b.H). both of which are hereby incorporated by 
35 reference. ' 

One skilled in the art will appreciate that othor polymerizabilable permeability-enhancing compounds 
may be subst.tutod in the present invention for the quaternary ammonium compounds mentioned abovo 
Such additional polymerizable permeability-enhancing compounds are contemplated to be within the scope 
of the appended claims. 

-o In certain preferred embodiments, the hydrophobic acrylic polymer used in the coatings of the prosent 
invention comprises copolymerizates of acrylic and mothacrylic acid esters with a low content of quaternary 
ammonium groups. Such copolymerizates are often referred to as ammonio methacrylate copolymers and 
are commercially available from Rohm Pharma AG. e.g.. under tho tradename Eudragit® Ammonio 
methacrylate copolymers are described in NF XVII as fully polymerized copolymers ol acrylic and 

•<5 mothacrylic acid esters with a low content of quaternary ammonium groups. 

In certain especially preferred embodiments of the present Invention, the acrylic coating is derived from 
a mixturo of two acrylic resin lacquers used in tho form ol aqueous dispersions, commercially availablo 
from Rohm Pharma under tho Tradename Eudragit® RL 30 D and Eudragit® RS 30 O respectively 
Eudragit® RL 30 D and Eudragit® RS 30 O are copolymers of acrylic and mothacrylic esters with a low 

so content of quaternary ammonium groups, the molar ratio of ammonium groups to the remaining neutral 
(meth)acryhc esters being 1:20 in Eudragit® RL 30 D and 1:40 in Eudragit® RS 30 D. The mean molecular 
weight is about 150.000. The code designations refer to the permeability properties of these agents RL for 
high permeability and RS for low permeability. Eudragit® RL/RS mixtures are Insoluble in water and in 
digestive fluids. However, coatings formed from the same are swellable and permeable in aqueous solutions 

55 and digestive fluids. 

The Eudragit® RURS dispersions of the present invention may be mixed together in any desired ratio 
m order to ultimately obtain a controlled release formulation having a desirable dissolution profile. Desirable 
controlled release formulations may be obtained, for instance, from a retardant coating derived from 100% 
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Eudrag.lS RL. 50% Eudrag.t* RL and 50% Eudrag-tS RS. and 10% Eudrag.l* RL:Eudrag.l« 90% RS ind 
100% Eudragit'-s RS. 

Tho hydroph,l,c acrylic polymors used in (ho prosont invention may bo manufaclurod in any manner 
known to Ihoso skilled in tho art. including methods such as bulk P olymor.;al.on in tho presence of a (roo 
rad.cal-form.ng in.l.ator d.SSOlvod in tho monomer mature, or solufon or procp.lalion polymor,;at,on ,n a„ 
organic solvont. with tho polymor thus (ormod thoroaltor bomg .solatod from tho solvont 

The hydrophobic acrylic polymor coatings ol tho prosont invention may also include hydroph.hc 
monomers hav.ng a solubility which is not dependent on pH. Examples ore ncrylomido and mo.hacryi a m,do 
hydroxy olkyl esters ol acrylic acid and methacrylic acid, and vinyl pyrrolidono. Such motonols if used may 
bo mcludod In small amounts up to 20 porconl by weight of tho copolymer. Also, small amounts of' ionic 
monomors. such as acrylic acid or mothacryhc acid or ammo monomers on which the quatorni.od 
monomors oro basod, may also bo includod. 

In other embodiments of tho present Invention, tho hydrophobic acrylic polymor coating further Includes 
a polymor whoso permeability Is pH dependent, such as anionic polymors synthesized from methacrylic 
ac-d and methacrylic acid methyl ester. Such polymers are commercially available, e.g from Rohm 
Pharma GmbH undor tho tradename Eudragit® L and Eudragit® S. Tho ratio ol free carboxyl groups to tho 
estors is said to bo 1:1 In Eudragit® L and 1.2 In Eudragit® S. Eudragit® L Is Insoluble In adds and pure 
water, but becomes Increasingly permeable above pH 5.0. Eudragit® S Is similar, except that It becomes 
increasingly permeable above pH 7. The hydrophobic acrylic polymor coatings may also Include a polymer 
which .s cationic in character basod on dimethylaminoethyl methacrylato and neutral methacrylic acid 
esters (such as Eudragit® E. commercially available from Rohm Pharma). The hydrophobic acrylic polymor 
coatings of the present invention may further include a neutral copolymer basod on poly (meth)acrylates 
such as Eudragit® NE (NE - neutral ester), commercially available from Rohm Pharma Eudragit® NE 30D 
lacquer films are insoluble in water and digestive fluids, but permeable and swellable. 

The dissolution profile ol any given formulation in accordance with the present invention may by altered 
by changing the relative amounts ol different acrylic resin lacquers Included In tho coating Also by 
changing the molar ratio ol polymerizable permeability-enhancing agent (e.g.. the quaternary ammonium 
compounds) to the neutral (meth)acrylic esters, the permeability properties (and thus the dissolution profile) 
of the resultant coating can bo modifiod. 

The release of the active agent from the controlled release formulation ol tho present invention can be 
further influenced, i.e.. adjusted to a desired rate, by the addition ol one or more poro-lormors which can bo 
morgan.c or organic, and include materials that can bo dissolved, extracted or loachod Irom tho coating in 
the environment ol use. Upon exposure to fluids in tho environment ol use. tho pore-formers are e g 
dissolved, and channels and pores are formed that fill with tho environmental Moid. J 

For example, the pore-formers may comprise one or more water-soluble hydroph,l,c polymers In order 
to modify tho release character.stics of tho formulation. Examples ol suitable hydrophilic polymers include 
hydroxypropylmethylcellulose. cellulose ethers and protein-derived materials. Ol these polymers tho 
cellulose ethers, especially hydroxyalkylcelluloses and carboxyalkylcelluloses, are preferred. Also synthetic 
water-soluble polymers may bo used, such as polyvinylpyrrolidone, cross-linked polyvinylpyrrolidone 
polyethylene oxide, etc.. water-soluble polydextrose, saccharides and polysaccharides, such as pullulan 
dextran. sucrose, glucose, fructose, mannitol. lactose, mannoso. galactose, sorbitol and tho like In certain 
preferred embodiments of the present invention, the hydrophilic polymor comprises hydroxypropylmethyl- 
cellulose. ' ' 

Other examples of pore-formers include alkali metal salts such as lithium carbonate, sodium chlorido 
sod.um bromtde. potassium chloride, potassium sulfate, potassium phosphate, sodium acetate, sodium 
citrate, and the l.ke. The pore-forming solids may also be polymers which are soluble In tho environment of 
use. such as Carbowaxes®. Carbopol®. and the l.ke. The pore-formers embrace diols. polyols polyhydric 
alcohols, polyalkylene glycols, polyglycols, poly(a-w)alkylenediols. and tho liko. 

Semipermeable polymers may also be incorporated in the controlled release coating as a pore-lormor 
to change the release characteristics of the formulation. Such semipermeable polymers include for 
example, cellulose acylates. acetates, and other semi-permeable polymers such as those described in U S 
Patent No. 4.285.987 (hereby incorporated by reference), as well as the selectively permeable polymers 
formed by the coprecip.tation ol a polycation and a polyanion as disclosed in U.S. Pat Nos 3 173 876 
3.276.586; 3.541.005; 3,541,006 and 3,546.142 (hereby incorporated by reference). 

Other pore-lormers which may be useful in the formulations of the present invention include starch, 
modified starch, and starch derivatives, gums, including but not limited to xanthan gum. alginic acid other 
alginates, benton.te, veegum, agar. guar, locust bean gum. gum arabic. quince psyllium, flax seed okra 
gum. arabmoglactin, pectin, tragacanth. scleroglucan, dextran. amylose. amylopectin dextrin etc cross- 
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Imkod polyvinylpyrrolidone ion-oxchango rosins, such as potassium polymolhacrylato. carragoonan kappa- 
carragoonan. lambdacarragoonan. gum karaya. biosynthotic gum. etc. Othor poro-formor S includo materials 
usolul for making microporous lamina in tho onv.ronmont ol uso. such as polycarbonates comprised of 
linear polyostors ol carbonic acid in which carbonate groups reoccur in (ho polymor chain microporous 
materials such as b.sphonol. a microporous poly(vinylchlorido). microporous polyamidos. microporous 
modacryhc copolymers, microporous styrono-acrylic and its copolymers, porous polysulfonos hologonatod 
poly(vmylidono). polychloroolhors. acotal polymers, polyostors prepared by ostoriflcatlon ol a dicarboxylic 
acid or anhydndo with an alkylone polyol. poly(alkylonosullidos). phonolics, polyostors. osymmotrlc porous 
polymers, cross-llnkod olofin polymors. hydrophilic microporous homopolymors. copolymors or Intor- 
polymors having a roduced bulk density, and othor similar motorials. poly(urothano). cross-llnkod chain- 
oxtondod poly(urethano). poly(lmldos). poly(bonzimidazolos), collodion, rogonoratod proteins, semi-solid 
cross-linkod poly(vinylpyrrolidono). 

In gonoral. tho amount ol pore-lormor Includod In tho controllod roleaso coatings of tho present 
mvontlon may be from about 0.1% to about 80%. by wolght. relatlvo to tho combined weight of hydrophobic 
acrylic polymor and poro-formor. 

The controlled release coatings of the present Invention may also Include an exit means comprising at 
loast one passageway, orifice, or the like. The passageway may bo formed by such methods as those 
disclosed in U.S. Patent Nos. 3.845.770; 3.916,889; 4.063.064; and 4,088,864 (all ol which are hereby 
mcorporated by reference). The passageway can have any shape such as round, triangular squaro 
elliptical. Irregular, etc. The passageway may be includod instead of. or in addition to. the Inclusion of 
permeability-enhancing compounds, hydrophilic monomers, pH-sensitlve polymers, and/or pore-formers in 
order to obtain a release of the active agent(s) Included In the formulation. 

In one embodiment of the present invention, the hydrophobic polymer includod In the aqueous polymor 
coating d.spersion is water-insoluble (such as a copolymer of acrylic and methacryllc acid esters without tho 
inclusion of any quaternary ammonium compound), and the release of tho active agent is controllod 
substantially only via the presence of one or more passageways through tho coating. 

An example of a suitable controlled release formulation pursuant to tho present Invention will provide a 
dissolution rate In vitro ol the dosage form, when measured by the USP Paddle or Basket Method at 100 
rpm in 900 ml aqueous buffer (pH between 1.6 and 7.2) at 37" C. is from about 0 to about 42 5% (by wt) 
therapeutically active agent released after 1 hour, from about 25 from about 55% (by wt) released alter 2 
hours, between 45 and 75% (by wt) released alter 4 hours and greater than about 55% (by wt) released 
alter 6 hours, for. e.g.. a 12 hour formulation (administered twice daily). Another example of a suitable 
controlled release formulation pursuant to the present invention is one which will provide a dissolution rato 
m vitro of the dosage form, when measured by the USP Paddle or Baskot Method at 100 rpm at 900 ml 
aqueous buffer (pH between 1.6 and 7.2) at 37 -C from about 0% to about 42.5% (by wt) active agont 
released alter 1 hour, from about 5% to about 60% (by wt) active agent released alter 2 hours, from about 
15% to about 75% (by wt) active agent released alter 4 hours, and from about 20% to about 90% (by wt) 
active agent released after 8 hours, for e.g.. a 24 hour formulation (administered once daily) Thoso 
examples of acceptable dissolution rates are directed to certain preferred embodiments of the present 
invention where the formulations are oral solid dosage (orms. and are not intended to be limiting in any 
manner whatsoever. 

The coating lormulations ol the present invention should be capable of producing a strong, continuous 
dim that is smooth and elegant, capable ol supporting pigments and othor coating additives, non-toxic Inert 
and tack-free. 

It is preferred that the acrylic coatings used in the present invention includo an effectivo amount of a 
suitable plasticizing agent, as it has been found that the use ol a plasticizer lurthor Improves the physical 
properties of the film. For example, the use of a plasticizer may improve tho film elasticity and lower tho 
film-forming temperature of the dispersion. The plasticization ol tho acrylic rosin may be accomplished 
either by so-called "internal plasticization" and "external plasticization." 

Internal plasticization usually pertains directly to molecular modifications of tho polymer during its 
manufacture, e.g.. by copolymerization, such as altering and/or substituting functional groups, controlling tho 
number of side chains, or controlling the length of the polymer. Such techniques are usually not performed 
by the formulator of the coating solution. 

External plasticization involves the addition of a material to a film solution so that the requisite changes 
in dim properties of the dry film can be achieved. 

The suitability of a plasticizer depends on its affinity or solvating power for the polymer and its 
effectiveness at interfering with polymer-polymer attachments. Such activity imparls the desired flexibility 
by rehevmg molecular rigidity. Generally, the amount of plasticizer included in a coating solution is based 
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or, (ho concentrate of the f,lm-formor. eg. most often lr 0 m about I to about 50 norcon, by wo^ht of 
Mm-formor, Concentration of (ho piaster, however, can 0 n,y bo properly determined after caro'ul 
experimentation w.th (ho particular coating solution and mothod of application 

Most preferably, about 20% piaster is included in the aqueous dispersion of acrylic polymer 
s An important parameter in (ho determination of a suitable plaster lor o polymer ,s related to the 

glass transition temperature (Tg) of the polymer. Tho glass transition temperature is rola.od to the 
temperature or tomporo.ure range whore there .s a fundamental chango in the physical properties of the 
2™'' ( Tl ' S Ch f n °° d ° 03 not f0 " oc « a change in slate, but rather a change In ,ho macromolocuUv 
.nob.My o he polymer. Below tho T 0 . the polymer chain mobility Is severely restricted. Thus, for a given 
w polymer, ,( Its Tg Is above room temperature, tho polymer will behave as a glass, being hard, non-plloblo 
and rather bnttlo. properties which could bo somewhat restrictive in f.lm coating since the coated dosage 
lorm may bo subjoctod to a certain amount of oxtornal stross. 

Incorporation of suitable plasticlzors Into the polymer matrix effectively roducos the Tg. so that undor 
ambient conditions tho l.lms are softer, more pl.ablo and often stronger, and thus bolter ablo to resist 
?5 mocnonical stross. 

Other aspects of suitable plasticlzors Include the ability o( tho plastlclzer to act as a good "swollino 
agent (or the acrylic resin. w 

Examples of suitable plasticlzors for the acrylic polymers of the present Invention include but are not 
l.m.tod to citric acid esters such as trle.hyl c.trato NF XVI. trlbutyl citrate, dibutyl ph.halato, and possibly 

■ o 2-propylene glycol. Other plasticlzers which have proved to be suitable tor enhancing the elasticity of the 

films formed from acrylic films such as Eudrag.t© RURS lacquer solutions Include polyethylene glycols 
propylene glycol, diethyl phthalate. castor oil. and triacetin. Trlethyl citrate is an especially preferred 
piastic.zor for the aqueous dispersions of acrylic polymers of the present Invention 

It has further been found that the addition of a small amount of talc reduces the tendency of the 

'5 aqueous dispers.on to stick during processing, and acts as a polishing agent 

The dissolution profile of the ultimate product may also be modified, for example, by Increasing or 
decreasing the thickness of the retardant coating, by altering the manner In which tho plasticlzer Is added 
by varymg the amount of plastlcizer relative to acrylic resin, and/or by altering other aspects of tho method 
of manufacture, lor example. 

o In one preferred embodiment of tho present invention, the controlled release dosage form comprises 

pharmaceutical^ acceptable beads (e.g.. spheroids) containing the active ingredient coated with a con- 
trolled release coating. The term spheroid is known in the pharmaceutical art and means, e g . a spherical 
granule hav,ng a diameter of between 0.2 mm and 2.5 mm especially between 0.5 mm and 2 mm A 
suitable commercially available example of such beads are nu pariel i&'20 boads 

s A plurality ol the cured, coated (stabilized) controlled release beads may thoreaftor bo placed In a 

gelatin capsule m an amount sufficient to provide an effective controlled release dose when ingested and 
contacted by gastric fluid. y 

When the dispersion of acrylic resin is used to coat inert pharmaceutical beads such as nu pariel 1^20 
mesh beads, a plurality of the resultant stabilized solid controlled release beads may thereafter be placed in 

o a gelat.n capsule .n an amount sufficient to provide an effective controlled release dose when Ingested and 
contacted by gastric fluid. In this embodiment, beads coated with a therapeutically active agent are 
prepared, e.g.. by dissolving the therapeutically active agent In water and then spraying the solution onto a 
substrate, for example, nu pariel 18/20 mesh beads, using a Wurster Insert. Optionally, additional Ingre- 
dients are also added prior to coating tho beads in order to assist tho active ingredient binding to tho 

s beads, and/or to color the solution, etc. For example, a product which includes hydroxypropyl methylcol- 
Mose. etc. w.th or without colorant may be added to the solution and the solution mixed (e.g.. for about 1 
hour) prior to application of the same onto the beads. The resultant coated substrate. In this example beads 
may then be optionally overcoated with a barrier agent, to separate the therapeutically active agent from tho 
acryl.c coat.ng. An example of a suitable barrier agent Is one which comprises hydroxypropyl methylcol- 

o luloso. However, any film-former known in the art may be used. It is preferred that the barrier agent does 
not aflect the dissolution rate ol the final product. 

The beads comprising the active agent (with optional protective coating) may then be overcoated with 
the acrylic polymer. The dispersion ol acrylic polymer preferably further Includes an effective amount of 
plast.c.zer e.g. tnethyl citrate. Pre-formulated dispersions of acrylic resins, such as various commercially 

■ s ava.lablo forms of Eudragit®. such as Eudragit© RS30D and Eudragit© RL 30D. 

The coating solutions of the present invention preferably contain, in addition to the film-former 
piasticzer, and solvent system (i.e.. water), a colorant to provide elegance and product distinction. Color 
may be added to the solution of the therapeutically active agent instead, or in addition to the overcoat 
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Suitable ingredients for providing color to tho formulation mcludo titanium dioxido and color p-gmonts. such 
as iron oxido pigments. Tho incorporation of pigmonts. may. howovor. mcroaso tho rotard offoct of tho 
coating. Allornativoly, any suitablo molhod of providing color to tho formulations of tho prosont invontion 
may bo usod. 

5 Tho plasticizod coating of acrylic polymor (with optional pormoability onhancing compounds and/or 

poro-formors) may bo eppiiod onto tho substrato comprising tho thorapouticalfy activo agont by spraying 
using any suitable spray oquipmont known in tho art. In a preforrod mothod. a Wurstor fluidizod-bod systom 
is usod In which on air jet. injoctod from undornoath, fluidizes tho coro material and offocts drying while tho 
acrylic polymor coating is sprayed on, A sufficient amount of tho cootlng to obtain a predetermined 
io controlled reloaso of the therapeutically active agont when said coated substrato is exposed to aquoous 
solutions, o.g. gastric fluid, is preferably applied, taking into account the physical characteristics of tho 
therapeutically active agent, the mannor of incorporation of the plasticizor, otc. Aftor coating with acrylic 
rosin, a (urthor overcoat of a filnvformer, such as Opadry<s>, is optionally applied to the beads. This overcoat 
is provided, if at all, in ordor to substantially reduco agglomeration of the beads, 
>5 Next, tho coated beads, tablots. etc. are cured In order to obtain a stabilized releaso rate of the 
therapeutically active agent. 

Traditionally, curing has been carried out for Eudraglte coated formulations, If at all, via a fluid bod at 
45 *C for 2 hours after application. Such a standard curing is recommended by Rohm Pharma because it is 
above the glass transition temperature (Tg) of Eudragit© RS 30 D plasticized with triethylcitrate at a 20% 
20 level of solids. This recommended curing does not stabilize the dissolution profile of tho formulation upon 
storage, as will be demonstrated by the examples set forth herein. 

The curing step pursuant to the present invention is accomplished by subjecting the coated substrate, 
e.g., beads, to a temperature greater than the Tg of the coating formulation and continuing the curing until 
an endpoint is reached at which the coated formulation attains a dissolution profile which is substantially 
25 unaffected by exposure to storage conditions of elevated temperature and/or humidity. Generally, the curing 
time is about 24 hours or more, and the curing temperature may be. for example, about 45 ■ C. It has further 
been discovered in the present invention that it is not necessary to subject the coated substrato to humidity 
levels above ambient conditions during the curing step in order to achieve a stabilized end product. 

One possible mechanism for the change in the dissolution profile of prior art products cured by tho 
30 standard methods is that these products continue to cure during storage, and may never reach a stabilized 
end-point at which the product provides a substantially constant dissolution profile In contrast, the cured 
products of the present invention provide a release rate of the therapeutically active agent which is 
substantially unaffected during storage by elevations in temperature and humidity. 

In preferred embodiments of the present invention, the stabilized product is obtained by subjecting tho 
35 coaled substrate to oven curing at a temperature above tho Tg of the plasticized acrylic polymer for tho 
required time period, the optimum values for temperature and time for the particular formulation being 
determined experimentally. 

In certain embodiments of the present invention, the stabilized product is obtained via an oven curing 
conducted at a temperature of about 45 «C (or a time period from about 24 to about 48 hours. In certain 
40 embodiments, it may be preferable to cure the product for. e.g., 36 hours. In certain preferred embodi- 
ments, the product is cured for about 48 hours. It is also contemplated herein that certain products coated 
with the controlled release coating of the present invention may require a curing time longer than 48 hours, 
e.g. 60 hours or more. One skilled in the art will recognize that curing conditions will be affected by the 
particular drug incorporated in the formulation, as well as by the thickness of tho controlled release coating. 
«*5 and the size of the substrate (e.g., beads as compared to tablets). 

It is especially contemplated that the time period needed for curing to an endpoint as doscribed above 
may actually be longer or shorter than the time periods mentioned above. Such curing times which achieve 
the intended result of a stabilized formulation are considered to be encompassed by the appended claims. 
Additionally, it will be appreciated by those skilled in the art that it may be possible to cure the aqueous 
so dispersion coated substrates of the present invention in other manners in ordor to reach the endpoint at 
which the coated substrate provides a stable dissolution profile. Additional curing methods (such as 
sonication) which achieve the intended result of a stabilized formulation are also considered to be 
encompassed by the appended claims. 

The curing endpoint may be determined by comparing the dissolution profile of the cured, coated 
50 substrate (e.g.. the "formulation") immediately after curing (hereinafter referred to as "the initial dissolution 
profile") to the dissolution profile of the formulation after exposure to accelerated storage conditions. 
Generally, the curing endpoint may be determined by comparing the dissolution profile of the formulation 
after exposure to accelerated storage conditions of, e.g., 37«C/80% RH or 40 * C^75% RH for a time period 
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Of ono month to the initial dissolution profile However, tho cunng ondpo.nt may bo fudhor confirmed by 
continuing to oxposo tho curod, coatod formulation to accoloratod storago conditions for a further ponod of 
luno and comparing the dissolution profilo of the formulation aftor further o*posuro of. eg. two months 
and'or Ihroo months, to tho initial dissolution profilo obtamod. 

In cortain proferrod ombod.monts of tho prosont invention m which iho curod coatod substrate is a 
pharmaceutical formulation, tho curing ondpo.nt is atta.nod whon tho data points plotted along a graph 0 f 
(Me dissolution curve obtainod aftor, e.g., exposure to accoloratod conditions of 1-3 months, show a roloaso 
of tho activo agent which doos not vary at any givon timo point by moro than about 15% of tho total amount 
of activo agont roloasod whon comparod to in-vitro dissolution conducted prior to storago. Such n d.fforonco 
in tho in-vitro dissolution curves, referred to in the art as a "band range" or a "band width" of. o.g 15% In 
gonoral, whoro tho In-vitro dissolution prior to storago and aftor oxposuro to accoloratod conditions varies by 
not moro than, o.g., about 20% of tho total amount of activo agont roloasod. tho formulation is considorod 
accoptablo whon considered by govornmontal regulatory agoncios such as tho U.S. FDA for stability 
concerns and expiration dating. Acceptable band rangos are determined by tho FDA on a case-by-caso 
basis, and any band range for a particular pharmaceutical which would bo deemod acceptable by such a 
govornmontal regulatory agency would bo considorod to fall within tho appended claims. In preferred 
embodiments, the aforementioned band range Is not moro than 10% of tho total amount of active agont 
roloasod. In more preferred embodiments, the band rango Is not moro than 7% of tho total amount of active 
agont released. In the appended Examples, the band range Is often less than 5%. 

Whon the controlled release coating of the present invention is to be applied to tablets, the tablet core 
(e.g. tho substrate) may comprise the active agent along with any pharmaceutical^ accepted Inert 
pharmaceutical filler (diluent) material, including but not limited to sucrose, dextrose, lactose, microcrystal- 
lino cellulose, xylitol. fructose, sorbitol, mixtures thereof and tho like. Also, an effective amount of any 
generally accepted pharmaceutical lubricant, including the calcium or magnesium soaps may be added to 
tho above-mentioned agents of the excipient prior to compression of the tablet core agents. Most preferrod 
is magnesium stearate in an amount of about 0.2-5% by weight of tho solid dosago form. 

In certain embodiments of the present invention, the coated substrate includes an additional dose of 
activo agent Included in either the controlled release coating comprising tho aqueous dispersion of 
hydrophobic polymer, or in an additional overcoating coaled on tho outer surface of tho controlled release 
coating. This may be desired when, for example, a loading dose of a therapeutically active agont Is needod 
to provide therapeutically effective blood levels of tho active agent when the formulation is first exposed to 
gastric fluid. In such cases, a further protective coating (o.g., of HPMQ may bo includod to soparate tho 
immodiate release coating layer from the controlled release coating layer. 

The active agonl(s) includod in the controlled release formulations of the present invention includo 
systemically active therapeutic agents, locally activo therapeutic agents, disinfecting agents, chemical 
impregnants, cleansing agents, deodorants, fragrances, dyes, animal repellents, insect repellents, a fertiliz- 
ing agents, pesticides, herbicides, fungicides, and plant growth stimulants, and the like. 

A wide variety of therapeutically active agents can be used in conjunction with the present invention 
The therapeutically active agents (e.g. pharmaceutical agents) which may be used in the compositions of 
the present invention include both water soluble and water Insoluble drugs. Examples of such therapeutical- 
ly active agents include antihistamines (e.g., dimenhydrinate. diphenhydramine, chlorpheniramine and 
dexchlorpheniramine maleate), analgesics (e.g.. aspirin, codetno. morphine, d.hydromorphono. oxycodono, 
etc.), non-steroidal anti-inflammatory agents (e.g., naproxyn, diclofenac, indomethacin. ibuprofen. sulindac)! 
ant.-emetics (e.g., meloclopramide), anti-epileptics (e.g., phenytoin, meprobamate and nitrezepam)! 
vasodilators (e.g.. nifedipine, papaverine, diltiazem and nicardirino), anti-tussivo agents and expectorants 
(e.g.. codeine phosphate), anti-asthmatics (e.g. theophylline), antacids, antispasmodics (e.g. atropino. 
scopolamine), antidiabetics (e.g., insulin), diuretics (e.g., ethacrynic acid, bendrofluazido). anti-bypotensives 
(e.g., propranolol, clonidine), antihypertensives (e.g. clonidine. methyldopa). bronchodilators (e.g.. albutorol). 
storoids (e.g., hydrocortisone, triamcinolone, prednisone), antibiotics (e.g.. tetracycline), antihomorrhoidals. 
hypnotics, psychotropics, antidiarrheals. mucolytics, sedatives, decongestants, laxatives, vitamins, stimu- 
lants (including appetite suppressants such as phenylpropanolamine), as well as salts, hydrates, and 
solvates of the same. The above list is not meant to be exclusive. 

In certain preferred embodiments, the therapeutically active agent comprises hydromorphone. ox- 
ycodone, dihydrocodeine. codeine, dihydromorphine. morphine, buprenorphino, salts, hydrates and solvatos 
of any of the foregoing, mixtures of any of the foregoing, and the like. 

In another preferred embodiment of the present invention, the active agent is a locally active therapeutic 
agent and the environment of use may be, e.g., the gastrointestinal tract, or body cavities such as the oral 
cavity, periodontal pockets, surgical wounds, the rectum or vagina. 
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Tho locally aclivo pharmaceutical agont(s) indudo antifungal agonts (eg., amphotericin B. clotrimazole 
nystatin, kotoconazolo. m.conazoi. otc). antibiotic agonts (ponicillins. cephalosporins, erythromycin." 
totracycl.no. aminoglycosidos. otc). antiviral agonts (o.g. acydovtr. idoxurid.no. otc). broath froshonors (o g. 
chlorophyll), antitussive agonts (e.g.. dextromethorphan hydrochloride), ant.-cahogonic compounds (o.g. 
5 motallic salts of fluorido, sodium monofluorophosphato. stannous fluorido. omino fluoridos). anolgosic agonts 
(o.g., mothylsalicylate. salicylic acid, otc), local onosthotics (o.g.. bonzoca.no). oral antisoptics (o.g., 
chlorhoxid.no and salts thoroof. hoxylrosorc.nol. doqualinium chlorido. cotylpyridmium chlorido). antl-flam- 
matory agonts (e.g., doxamothasono. betamothasono, prodnisono. prodnisolono. irlamcinolono. hydrocor- 
tisone, etc), hormonal agonts (oestriol), antiplaquo agonts (o.g. chlorhoxldlno and salts thoroof. octonldino. 
to and mixtures of thymol, menthol, methysalicylato. eucalyptol). acidity reducing agents (e.g., buffering 
agents such as potassium phosphato dibasic, calcium carbonato. sodium bicarbonate sodium and potas- 
sium hydroxide, etc), and tooth desensitlzors (e.g., potassium nitrato). This list is not meant to bo exclusivo. 

In another preferred embodiment of tho present invention, the active agont is disinfecting agent, e.g. a 
chlorine compound such as calcium hypochlorite, and the environment of use is a surrounding body of 
/s water, e.g. a recroational pool. 

In still anothor preferred embodiment of the present invention, the actlvo agont comprises at least ono 
of a cleansing agent, a germicide, a deodorant, a surfactant, a fragrance, a perfume, a sanitizer, and/or a 
dye, and the environment of use Is an aqueous solution, e.g. a urinai or toilet bowl. 

In yet another preferred embodiment of tho present invention, the active agent is a chemical 
20 .mpregnant, e.g. fertilizer, animal repellents, insect repellents, pesticides, herbicides, fungicides, plant 
growth stimulants, and the environment of use is, e.g., anywhere around the home, e.g. soil, trees etc. The 
fertilizer may be, for example, a nitrogen containing compound such as urea, urea formaldehyde compos- 
ites, potassium nitrate, potassium sulfate, potassium chloride, ammonium nitrate, ammonium sulfate, 
monoammonium phosphate, dibasic ammonium phosphate, ammoniated super-phosphoric acid, micro- 
25 nutrient ingredients such as trace elements of iron, zinc, manganese, copper, boron, molybdenum, and 
mixtures of any of the foregoing. The fertilizer may be. e.g.. In granular form. In these embodiments, the 
thickness of the controlled release coaling will depend upon, among other things, the desired rate and 
overall time period for release of an effective amount of the active agent. In some circumstances where a 
relatively long time period of efficacy is desired, the substrate may be coated to a relatively high weight 
30 gain of. e.g., up to 50% or more, in other situations, it may be desirable to obtain the desired efficacy by 
utilizing coated substrates which are coated to different weight gains, or which include different components 
of the coating, so that a desired proportion of tho coated substrates provide a release of active agent which 
is faster relative to other of the coated substrates, thereby providing an overall release of active agent which 
is within the desired effective levels for an even longer extended period of time. 
35 For example, when the coated substrate is a coatod chlorine tablet for combatting bacterial and 

algaecidal contamination of swimming pools and tho like, the substrate may comprise commercial grade 
calcium hypochlorite, with or without trlchioroisocyanuric acid, sodium dichlorocyanurate. lithium hypochlo- 
rite, powdered lime, and/or the like. 

For example, the substrate may comprise about 98.5% commercial grade calcium hypochlorite and 
<o about 1.5% powdered lime, by weight. The substrate may also comprise commercial granular calcium 
hypochlorite, up to 20% by weight chloride of lime, and 1% zinc stearate having an available chlonno 
percentage of about 69% and a mass of about 57 g and a diameter of about 40 mm. as described in U.S. 
Patent No. 4,192,763, hereby incorporated by reference. The substrate is then coated with the aqueous 
dispersion of plasticized hydrophobic polymer to a desired weight gain, and the coated tablet is then curod 
45 .n accordance with the present invention until an ondpoint is reached at which the cured coated tablet 
provides a reproducibly stable dissolution profile. 

When the active agent comprises a composition suitable for cleaning and preventing the staining of 
toilet bowls, the substrate may include a well-known disinfectant such as calcium hypochlorite and/or 
tnchloroisocyanuric acid. The active agent may alternatively comprise an alkali metal salt of dich- 
50 loroisocyanuric acid and a chloride salt such as calcium chloride and barium chloride, such as that which is 
described in U.S. Patent No. 4,654,341, hereby incorporated by reference. 

One possible example of such a product might include a substrate comprising 0.5-5% fragrance. 1-10% 
dye. 10-40% surfactant (which may be nonionic. cationic, anionic or zw.ttorion surfactants), and other 
optional components such as germicides, disinfectants, processing aids, and other commonly included 
55 ingredients known to those skilled in the art. Such active agents may be incorporated into a substrate 
comprising a tablet, along with other well-known ingredients such as detergents, surfactants, perfumes, 
dyes, and any necessary fillers. 
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Tho substrato may bo allornativoly comprised of a pollot which is proparod by homogonously mixing 
togolhor, o g , 1 g of azuro bluo dyo G5% {dyo commorciaiiy avaiiabfo from Hilton David), i g Piuron.c F- 
\27 (a non.on.c Surfactant comprising tho condensation products of othylono Ox.do with tho product 
rosullmg from tho reaction of propyiono ox.do and othylono diammo: commercially ova-lablo from BASF- 
5 Wyandoto Chom.cals). 38 g Carbowax 6000 (a solid polyothylono glycol, moiocular woight 8000; commor- 
c.ally available from Union Carbido). and 40 g Komam.do U (a oloylam.do surfactant; commorciaiiy ava.lablo 
from W,tco) and an optional frogrnnco (o.g., 0.5% by weight ctrus p.n 0 fragranco). and (horoaflor 
procossmg the abovo ingredients into a pollot by conventional mothods such as noodling. plodding, 
oxtrudmg and cutting and stamping tho mass to form the pellots. Optionally, tho pellets may also includo a 
<o su.tablo amount of an inorganic salt to cause tho pollot to settle to tho tank bottom, and ono or moro 
binding agents such as guar gum. Tho pollot is thon coatod with tho aquoous dispersion of plastlclzod 
hydrophobic polymor to a weight gain from about 2 to about 30 porcont, doponding upon tho desired rate of 
dissolution, and tho coatod pollot is thon cured in accordance with the presont invention until an endpolnt Is 
roachod at which tho curod coatod pollot providos a roproducibly stablo dissolution profile 
'5 Another oxamplo of a substrato usoful for tho troatmont of tho flush wator of toilets Is one which 

comprisos an iodophor such as povidone lodlno, as described In U.S. Patont No, 5,043,090, heroby 
incorporated by reference. 

Whon tho substrato comprisos a fragranco, tho fragranco may be any conventional commercially 
available perfume oil, e.g., volatile compounds Including esters, ethers aldehydos, alcohols, unsaturated 
20 hydrocarbons, terpenes, and othor ingredients which are well known in the art. Tholr type and compat.bility 
is limitod only by their compatibility and desirability, as may be determinable by those skilled In the an. 

When the active agent comprises a composition suitable for use as a fertilizer, tho active agent may 
comprise granular urea which is coated with the aqueous dispersion of plasticized hydrophobic polymer to 
a weight gain from about 2 to about 30 percent and then cured in accordance with the present invention. In 
is uroa pill production, urea at 70% solids concentration in wator is heated to remove substantially all of the 
water. The molten urea is then injected as droplets to an air cooling tower where crystalline urea is formed 
as a hard pill or bead, which is then coated and cured In accordance with tho present Invention. 

When the substrate comprises plant food formulations, the substrato can bo pelleted, ball-shaped, 
particulate, or in stick form, and may additionally contain growth promoting substances such as gibberellic 
do acid along with soil fungistats such as formaldehyde and paraformaldehyde, etc. 

Figure t is a split-screen Scanning Electron micrograph (SEM) of a theophylline bead coatod in 
accordance with tho present invention prior to curing. The magn.f.cation on tho loft sido is 77x, and on the 
right side is 540X. The coating is an aqueous dispersion of Eudragit. Tho SEM shows tho distinct particles 
of tho acrylic polymor on the coating. Due to, e.g., cracks or pores in the coating, the coating allows tho 
35 environmental fluid to pass through to the underlying core whore tho active agont is found. 

Figure 2 is a split-screen SEM of the bead shown in Figure i. taken aftor tho bead has boon curod in 
an oven at 45 -C for a time period of 48 hours. The left sido magnification is 77x, and tho right 
magnification is HOOx. The SEM of Figure 2 shows apparent morphological changes to the coating on tho 
surface of the bead. This curing is believed to play a sign.ficant role in the stabilization of the dissolution 
*o profile of the coated substrate. 

When the controlled release coating of the present invention is to be applied to tablets, the tablet core 
(o.g. the substrate) may comprise the active agent along with any pharmaceutical^ accepted inort 
pharmaceutical filler (diluent) material, including but not limitod to sucroso. dextrose, lactoso. microcrystai- 
line cellulose, xylitol. fructose, sorbitol, mixtures thereof and the like. Also, an effective amount of any 
<5 generally accepted pharmaceutical lubricant, including the calcium or magnesium soaps may bo addod to 
tho above-mentioned ingredients of the excipient prior to compression of tho tablet coro ingredients. Most 
preferred is magnesium stearate in an amount of about 0.2-5% by weight of the solid dosago form. 

Tablets overcoated with a sufficient amount of the coating of acrylic resin to achievo a controlled 
roloaso formulation pursuant to the present may bo prepared and cured in similar fashion as explained 
50 above with regard to tho preparation of beads. One skilled in the art will recognize that necessary curing 
conditions with regard to the particular elevated temperature, elevated humidity and time ranges necessary 
to obtain a stabilized product, will depend upon tho particular formulation. 



55 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following examples illustrate various aspects of the present invention. They are not to be construed 
to limit the claims in any manner whatsoever. 
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EXAMPLE I 

Prop aratipn of H ydromor phono Boa d_s 

Hydromorphono boads woro proparod by dissolving hydromorphono HCl in wator. adding Opadry^ Y-5- 
1442. light pink (a product commercially availablo from Coforon. Wost Point, Pennsylvania, which contains 
hydroxypropyl mothylcolluloso (HPMC), hydroxypropyl colluloso, titanium dioxido. polyothylono glycol and 
D&C Rod No. 30 Aluminum Lako), 20% w/w. and mixing for about 1 hour, and thon spraying onto nu panol 
18/20 mosh boads using o Wurstor insert. Tho rosultant preparation had tho formula sot forth in Tablo I 
bolow: 



TABLE 1 



Ingrodionts 


Porcont (by wt) 


Amt/Unit (mg) 


Hydromorphono HCl 


5.0% 


4.0 mg 


Nu Pariel 18/20 


92.5% 


74.0 mg 


OpadryG Lt. Pink Y-5-1442 


2.5% 


2.0 mg 




100.0% 


80.0 mg 



EXAMPLE 2 

Retardant Coating - No Curing Step 

In Example 2, hydromorphono boads prepared in accordance with Example 1 were overcoated with 
Eudragit® RS 300 to a 5% weight gain as sot forth in Tablo 2 bolow. No torminal drying was conducted. 

TABLE 2 



Ingredients 


Porcont (by wt) 


Amt/Unit (mg) 


Hydromorphono boads 


92.59 




Eudragit® RS30D 


4.63 


4 


Citroflox 2 (triothyl citrate) 


0.93 


0.8 


Talc 


1.85 


1.6 


Purified wator 




qs 




Too 


86.4 



The hydromorphone beads were tested for initial dissolution, and then stored for one month undor 
accelerated conditions of 37*C/80%RH (RH = relative humidity). After one month, the beads were found to 
have agglomerated. 

Dissolution tests were carried out via tho USP Basket Method, 37 *C, 100 RPM. first hour 700 ml gastric 
fluid at pH 1.2, then changed to 900 ml at 7.5. The dissolution was conducted by placing an open capsulo 
containing an appropriate weight of beads into a vessel. The results are sot forth in Table 3 below: 

TABLE 3 



Hydromorphono HCl 12 mg Controllod Released Capsules Stability Performance Data 


Time 


Hydromorphone HCl 


Average Fill Wt (mg) 


1 hr 


2 hr 


4 hr 


8 hr 


12 hr 


18 hr 


24 hr 


Initial 
37*C/80%RH 


12.34 


259.2 


1.5 


5.1 


15.6 


53.5 


76.9 


93.6 


100.0 


1 mo. 


12.42 


262.6 


2.1 


6.1 


12.6 


35.1 


56 2 


75.1 


86.1 
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'0 



/5 



The abovo rosults demonstrate thai thoro was a slowing of (h 0 dissolution C f hydrcmorpheno HCI from 
tho coatod boads whon tho boads woro subioctod to accoJoratod storage cond«!--cns 

EXAMPLE 3 

Protoctmg tho Rotardant Coating 

In ordor to dotormino if tho slowing of tho dissolution of tho hydromorphono boads of Examplo 2 was 
duo to a stability problem botwoon tho hydromorphono and tho rotardant. in Example 3 Nu panel 
hydromorphono boads woro proparod according to Examplo !, thon ovorcoatod w.th 5% HPMC and tostod 
without tho rotardant layor. Dissolution tosts woro conductod initially, and aftor storage at accoioratod 
conditions of 37 • C dry and 37 • C/80%RH. 

Tho rosults of tho dissolution tosts for Examplo 3 aro sot forth in Table 4 bolow: 

TABLE 4 



Hydromorphono HCI 8 mg Controllod Roloaso Capsules Stability Data Summary 


Tosting Time 


Hydromorphono HCI 


Avorago Weight (mg) 


1 hr 


2 hr 


Initial 


8.49 


166 


100.0 


100.0 


37 'C dry 








1 month 

2 months 


8.49 
8.49 


167 
167 


100 0 
100.0 


100.0 
100.0 


37-C/80% RH 








1 month 

2 months 


8.49 
8.49 


167 

170.3 


100.0 
100.0 


100.0 
100.0 



20 



30 



The results of Examplo 3 show that the coated beads which did not include a retardant coating wore 

stable. 

In ordor to determine tho relative humidity undor "dry conditions" in tho ovon, the relat.vo humidity in a 
wator-filled desiccator in a 60 ■ C oven was dotorminod as follows. First, about 500 grams of purified water is 
30 poured into a plastic desiccator and the metal guard inserted. A hygrometor/tomperaturo indicator is placed 
on top of the guard and tho desiccator covered and placed in tho 60 • C ovon for 24 hours. Aftor 24 hours 
tho relative humidity in the desiccator was 85% while the tomporaturo was still 60 -C. On placing tho 
hygrometer alone in the 60 • C oven for 24 hours, the relative humidity was 9% at 60 * C. 

«<o EXAMPLE 4 

Prior Art Curing (According to Literature Recommendations) 

In Example 4, hydromorphono beads prepared according to Example 3 were coaled with the Eudragit® 
to a 5% weight gain. After application of tho coating, the beads wero driod (cured) at 45 • C in a fluidijod 
bod dryer for 2 hours. This temperature is above tho Tg of Eudragit® RS 300, plasticized with Triethyl- 
citrato at 20% level of solids. Dissolution tests were conducted initially, and aftor storage at 37 • C dry and 



•is RS to 



37 * C/80%RH. The results are sot forth in Table 5 below: 
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TABLE 5 

Hydromorphone HC1 8 mg Controlled Release Capsules 
5 Stability Data Summary 

Hyd ro- 
mor- Average 
Testing phone Weight 
Xims U£l (i*g) 1 hr I hr A_Ju: Q hr 12 hr 18 hr 

/o 2 hours* 8.50 178.5 8.0 2 1.8 45.7 79.3 94.2 
♦initial dissolution after curing 

dry 

1 mo. 8.50 177 16.8 25.8 44.2 67.8 80.8 

2 mo. 8.39 174 24.6 40.8 61.8 83.4 94.0 100.0 

1 mo, 8,50 174 48.8 60.1 80.7 94.0 100.0 

2 mo. 8.55 178 53,6 76,3 90.7 98.2 100,0 



20 From tho results provided above, it can bo seen that the hydromorphone dissolution from tho boads 
undorwont significant changes upon storage, and that the short curing step rocommondod in tho literature 
and utilized in Example 4 did not to help tho stability/curing problem. 

Examples 5 - 7 

25 

Optimizing Curing and Ingredients of Retardant Coating 

The results obtained from Examplos 2-4 indicatod that tho dissolution of the beads overcoated with a 
rotardant coating seemed to slow down to a point and no further. Howovor, tho endpoint dissolutions 
30 achieved were too slow. 

In Examples 5-7, additional tests were conducted to determine processing conditions required during 
manufacture to cure the product to its ondpoint dissolution. 

In order to obtain a formulation having a more suitablo dissolution curve, and. rathor than reduce the 
coating to less than 5% weight gain, tho more soluble Eudragits RL (molhacrylic ester 1:20 quaternary 
J5 ammonium groups) was included in tho rotardant coat. 

In Examples 5-7, the hydromorphono beads prepared pursuant to Example 4, oxcopt that thoy wore 
overcoated with a 5% HPMC to protect the rotardant coating from tho environment. In Example 5, tho 
rotardant coating consisted of 100% Eudragit® RL. In Example 6, tho rotardant coating consisted of 50% 
Eudragit® RL and 50% .Eudragit® RS. Finally, In Example 7, tho retardant coating consisted of 10% 
Eudragit® RL: Eudragit® 90% RS. Each of Examples 5-7 were coated to total weight gain of 5%. 

Each of tho HPMC-protected coatings of Examples 5-7 were curod to 1, 2. 7, 10. 21 and 30 days at 
45 " C dry, at which times dissolution studies as sot forth in Examplo 2 wero conducted. 

Only Examplo 7 showed a desirable release profile, and curing was complete after only ono day. 
Dissolution studios of tho products of Examplos 5 and 6 showod tho same to be immediato release 
45 products, tho amount/type of retardant used not being sufficient to provont immediate releaso of tho drug 
(i.e., about 100% of the drug being released aflor one hour), ovon aftor tho formulations were curod. 
Examplo 7 was further tested by storing under accelerated conditions as follows. Aftor curing for 21 days, 
tho samplos of Examplo 7 were placed in a 37 B C/80%RH ovon. and dissolution tests as sot forth in 
Example 2 were conducted after 7 and 30 days. Representative dissolution profiles for Examplo 7 (mean 
so results for three samples) are set forth in Table 6 below: 



55 
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TABLE 6 



Hydromorphono HQ 8 mg MP CR Eudrag.t* 5% Goods Porconl Hydromorphono HCl D-SSOl 



Curing Tirno 



Initial 



Wt(mg) 



vod 



1 hr 



2 hr 



4 hr 



0 hr 



12 hr 



18 hr 



24hr 



Moan 



day 



Moan 



19! 



190.7 



2 days 



Moan 



7 days 



190.7 



Moan 



10 days 



Mean 



21 days 



Mean 



30 days 



Mean 



Storage Time/Conditions 



30'C/80%RH 



7 days 



Moan 



30 days 



Moan 



16.6 



53.1 



7.1 



33.1 



7.4 



35.0 



190.7 



191.3 



191 



190.3 



190.7 



190.3 



8.0 



7.2 



6.9 



5.83 



5.9 



09. 3 



66.7 



95 6 



99 3 



66.6 



67.0 



36.3 



36.5 



36.1 



31.9 



25.1 



5.8 



31.9 



67.7 



68.9 



66.9 



87.3 



99 5 



87.4 



86.6 



88.5 



86.2 



65.2 



62.7 



65 2 



82.7 



84.6 



82.7 



95.1 



93.3 



97.9 



98.4 



94.8 



96 8 



98.0 



92.7 



90.4 



92.6 



90.4 



99.8 



96.3 



97.6 



96 3 



100.0 



The results sot forth in Table 6 demonstrate that the 1 month dissolution profile showed no slowdown 
as compared to the initial cured sample, even (or the samples tested under accelerated conditions Thus 
after curing for 24 hours at 45- C, the methacrylale controlled release film coating was essentially 

stabilized. 



EXAMPLES 8 - 10 

Optimizing Retardant Coating Thicknoss 

In Examples 8 - 10, additional experimentation was conducted to doterm.no the optimum weight of 
mothacrylato polymer to use for a dosirablo release profile and to determine reproducibility and effoctive- 
noss of the 48 hour curing step at 45' C dry. Three batches were manufactured at different levels of 
mothacrylato load and cured in a 45 • C dry oven. 

In Examplo 8, hydromorphono beads wore prepared in accordance with those of Examplo 3 as sot 
forth in Table 7 below: 
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Hydromorphono HCI MD Boads 



Ingrodionts 



Porcont (by wt) 



Amt/Unit (mg) 



Hydromorphono HCI 
Nupariols Pa 18/20 
Opadry It Pink Y-5-1442 
Opadry Lt Pink Y-5-1442 



4.75% 
87.89% 
2.38% 
4.99% 
100% 



4 
74 
2 

84.2 



Tho hydromorphono boads woro thon further procossod In accordance with Examplo 5. In Example 7, 
tho rotardant coating was Eudraglt<3> RS, Eudragit® RL 00:10 (5% w/w coating). Tho formula for Examplo 7 
is sot forth In Tablo 8 below: 



TABLE 8 



Hydromorphono HCI MD CR Eudragit® 5% Boads 


Ingredients 


Percent (by wt) 


Amt/Unit (mg) 


Hydromorphono beads 


87.96% 


84.2 mg 


Eudragit® RS 30D (90%) 


3.97% 


3.8 mg 


Eudragit® RL 30D (10%) 


0.42% 


0.4 mg 


TEC (20% of RS & RL) 


0.88% 


0.84 mg 


Talc (40% of RS & RL) 


1 .75% 


1,68 mg 


Purified water 




qs 


Opadry Lt Pink Y-5-1442 


5.01% 


4.8 




100% 


95.72 mg 



Examples 9 and 10 are preparod in similar fashion to Examplo 7. In Examplo 9. tho rotardant coating 
was Eudragit© RS. Eudragit® RL 90:10 (8% w/w coating). In Examplo 10. tho retardant coating was 
Eudragit® RS. Eudragil® RL 90:10 (12% w/w coating). Tho formulas for Examplos 9 and 10 are sot forth in 
Tables 9 and 10, respectively, below: 



TABLE 9 



Hydromorphono HCI MD CR Eudragit© 8% Sphoros 


Ingredients 


Percent (by wt) 


Amt/Unit (mg) 


Hydromorphono boads 


84.2% 


64.2 


Eudragit© RS 30D (90%) 


6.07% 


6.07 


Eudragit® RL 30D (10%) 


0.67% 


0.67 


TEC (20% of RS & RL) 


1 .35% 


1.35 


Talc (40% of RS & RL) 


2.70% 


2.70 


Purified Wator 




qs 


Opadry Lt Pink Y-5-1442 


5.0% 


5.0 




99.99% 


99.99 
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TABLE 10 



HycJromorphono HCI MO CR Eudrogit© 12% Sphoros 


Ingrodion t s 


Porcont {by wt) 


Ami/Unit (nig) 


Hydromorphono beads 


79 69% 


64 2 


Eudrogit^ RS 30D (90%) 


8.6 J % 


9.1 


Eudragit® RL 30D (10%) 


0.95% 


I 0 


TEC (20% of RS & RL) 


1.91% 


2 02 


Talc (40% of RS & RL) 


3.02% 


4.04 


Purifiod wator 




qs 


Opadry Lt Pink Y-5-1442 


5.02% 


5.3 




100% J 


105 60 



Each of Examples 9-10 woro cured on paper linod trays In a 45 - C oven for two days after the 
appl.cat.on of the Eudragit® Controlled Release Coating and the HPMC 5% overcoating. O.ssolutlon studies 
woro then conductod on Examples 8 - 10. 

Initial dissolution profiles (after curing) of Example 8 showod it to resemble Example 7 (the products of 
both Examples were overcoatod with a 5% w/w Eudragit® coating). Aflor curing for 2 days samples of 
Example 8 were subjected to further tests at room temperature, and under accelerated conditions of 
37-C/80%RH, 37 'C dry and 50 ' C dry. Representative dissolution profiles for Example 8 (moan results for 
throo samples) are sot forth in Table 1 1 below: 



TABLE 11 

Hydromorphone HCI CR 8 mg Eudragit* 5% Capsules 
Percent Hydromorphone HCI Dissolved 

Time wt(rng) 1 hr 2 hr 4 hr 8 hr 12 hr 18 hr 24 



2 < Ja ys* 

Mean 191.3 6.3 36.2 69.3 87.8 97.3 

^initial dissolution after curing 

ET 

Mean 191.1 6.0 



30.8 63.1 



83.4 91,8 



100. 0 



96 . 3 



hn 



97 . 9 



1 mo, 

Mean 191.6 6.9 28.5 63.2 84.5 91.5 95.6 

Mean 194.3 11.4 35.6 70.7 90.5 96.8 100 



97 . 8 



IXLg P r y 

Mean 192.0 



11.4 



3 5.1 68.6 



87.9 94.5 



98 . 9 



100 



5Q'C Pry 

Mean 191.4 



11.1 4 1.4 



70 . 6 



90 . 4 



96.5 100 



CpppftiriS Qn tQ Example 9 fl dav and 2 dav di ssol utions) 

1 day 

Mean 190.7 

2 Davs 
Mean 190.7 



7.1 33.1 66.6 
7.4 35.0 67.0 



87.3 99.5 

87.4 95.1 



97 . 9 
98.4 



99 . 0 
99 . 2 



As can be seen from the dissolution results prov.ded for Example 8, although the dissolution profile of 
the samples were not taken after 1 day of curing, the results obta.ned after 2 day curing are substantially 
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similar to Iho rosults obtained for (ho 1 and 2 day curings of Examplo 7. Thoroforo. it is hypolhosizod that 
tho product of Examplo 8 was also stable aKor ono day curing. 

Aftor cunng for 2 days, samplos of Examplo 9 woro lostod for dissolution, and thon samplos of Examplo 
9 woro Gxposod to accoloratod conditions of 37*C80%RH for ono month. Roprosonlativo initial dissolution 
s profilos (moan rosults for throe samplos) for Examplo 9 aro sot forth in Tablo 12 bolow: 



TABLE 12 

Hydromorphone HC1 CR 8 mg Eudragit* 8% Capsules 
Percent Hydromorphone HC1 Dissolved 

Tims w tfmq ) l h r 2 hr 4 hr 8 hr 12 hr 19 hr 24hr 

2 davs* 

Mean 201.3 0.8 3.3 40.0 78.4 90.7 97.5 99.9 

^initial dissolution after curing 
37*C/80%RH 
1 ffQt 

Mean 7.3 8.6 34.1 72.8 85.5 93.2 97.2 



20 As can bo seen from tho dissolution results provided above (or Examplo 9, the results obtained after 2 
day curing are substantially similar to the results obtained under accelerated storage conditions of 
37*C/80%RH, thus indicating the stability of Example 9 after a 2 day curing. Furthermore, the dissolution 
results obtained with Example 9 showed slower release rates of hydromorphone, as would be expected 
given the thicker retardant coating. 

25 After curing for 2 days, samples of Example 10 were tested for dissolution, and thon samplos of 

Example 10 were subjected to further tests aftor storing for one month at room temperature, and undor 
accelerated conditions of 37«C/80%RH, 37 'C dry and 50' C dry. Representative dissolution profiles (moan 
results for three samples) for Example 10 are set forth in Table 13 below: 



TA SLS 1 ? 

Hydromorphone HC1 CR 8 mg Eudragit* 12% Capsules 
Percent Hydromorphone HCl Dissolved 

T ine wtlmgJ 1 hr 2 hr 4 hr 9 hr 12 hr 19 hr 24hr 

35 2 davs* 

Mean 215.3 0.8 3.1 9.3 70.9 90.4 100.8 104.8 

♦initial dissolution after curing 

EX 



**0 


1 m<?, 

Mean 210.8 


0 




1 . 8 


4 . 6 


62 . 9 


84 . 


3 


96 . 1 




99 . 8 




37 'C/80%RH 
1 N9- 

Mean 213.8 


2 . 


2 


4 . 8 


7 , 2 


50.8 


74 . 


3 


87 . 


3 


93 . 3 


**5 


37*C Drv 

1 m<?. 

Mean 210.4 


0 . 


8 


2 . 2 


6.9 


59.7 


82 . 


2 


96 . 


3 


100 


50 


50-C Drv 
1 m<?i 

Mean 207 . 3 


1 . 


6 


1 . 5 


3 . 3 


51.5 


76 , 


2 


90. 


9 


97 . 



As can bo seen from the dissolution results provided above for Example 10, the dissolution results 
55 obtained with Example 10 showed slower release rates of hydromorphone as compared to tho thinner 
retardant coatings of Examples 8 and 9, as expected. The overall results obtained after 2 day curing are 
substantially similar to the results obtained under accelerated storage conditions of 37'C/'80%RH, with the 
exception of the percent drug dissolved at the 8 hour and 12 hour points. These results might indicate that 
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at h.gh loads of rotardam coal.ng, ,t may bo necessary (o euro , ho coalfng for n , 0 

altam a stabiiizod formulation. J " 



EXAMPLE I 1 



^^Pili" 0 Sulfaio Coatod Bon d s 



to 



15 



20 



in Examplo ||. tho curmg stop of the prosoni invon„on was opphod (o a formulaCon in wh.ch morphine 
suifoto was subsdlulod as Iho drug. 

A ^sponsion of morphine sulfate and HPMC (Opadry® Cloar Y-5-7095) was apphod onto 1*20 mosh 
nuponol beads ,n a llu.d bed dryer w„h a Wurs.or inser, a, an into, temperature of GO • C An Opadryl 

rr 5 ;!-::^ 0 r c Baso " ,mco °" n9 - ^ °- -° - - ~ 

After the overcoating process was completed, .he morphine sulfate beads were then ovorcoa.od with a 
rotardan, coa.mg m.x.uro of Eudrag,.® R S 30D and Eudrag,.® RL 300 a. a ratio of 90:10 RS to RL at a 5°i 
wo,gh t gam level. The application of this m.x.uro of Eudrag,.® RS 300 and Eudragit® RL 30O along wi h 

35 C in a WurVtoMnw!, ° 69000 ,ri0thy, Ci,r8, ° (P,aS " C "°' ) wM d ° n ° °' 3n of 
Once the re.ardant overcoating was complete, the morphine sulfate beads wore g.von a final over- 
coat.ng of Opardry® lavender YS- 1-4729 at a 5% weight gain level 

.ravs A in 7« • ? T °' th °/' na o i;™ 0 *"^ P rocess - < h ° ™rphlno sulfate beads were cured on papor tined 

^ * , C °T^ r 2 dayS - A " 0f CUrin9> ,h ° b6ads were ,,,,od ln, ° 9 ela "" capsules at a 30 mg 

morphine sulfate strong.h. The final formula is provided In Tablo 14 below: 9 



?5 


Tablo 14 




Processing Stop 


Ingrodiont 


Mg/Capsulo 


JO 


Drug Load 


Morphine Sulfate 
Nupariel PG 18/20 
Opadry© Clear Y-5-7095 


30 mg 
255 mg 
1 5 mg 




First Overcoat 


Opadry© Lavondor YS- 1-4729 


15.8 mg 


35 


Rotardant Overcoat 


Eudragit© RS 30D 
Eudragit© RL 30O 
Triethylcitrate 
Talc 


14.2 mg 
1 .6 mg 

3.2 mg 

6.3 mg ■ 


40 


Final Overcoat 


Opadry© Lavendor YS- 1-4729 
Total: 


18.0 mg 
359.1 mg 



D.ssolut.on s iab.l.ty stud.es were (hen conducted on tho product of Examplo 1 I after .ho abovo- 
mon.,onod cunng slop at storage cond.tions of room temperature, 37- C /60%RH. 37 "C dry and 50 • C dry 
altor one month and after two months. Tho results are sot forth in Tablo 15 bolow 
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TABLE 15 

Morphine Sulfate CR 30 mg Eudragit* 5* Capsules 
Percent Morphine Sulfate Dissolved 

Xims 1 he 2 hr dLJir 6 hr 8 hr 12 h r 16 hr 24hr 

2 davs* 

Mean 0.0 43.5 74.9 91.8 95.3 99.8 100 

^initial dissolution after curing 

EI 

1, mc. 

Mean 0.0 36.9 73.8 86.9 92.2 96.5 99.9 100 

2 m o , 

Moan 2.0 37 72 82 88 92 96 99 

37'C /8Q*RH 

1 mg T 

Mean 0.0 28.4 70.3 84.8 92.1 97.7 100 

2 rc<?t 

Mean 1.9 30.1 68.4 79.9 87.0 93.5 95.6 97.8 

37'C P r y 

Mean 0.0 32.0 72.5 86.0 93.2 97.3 100 

2 mo, 

Mean 0.9 26.4 67.5 78.8 88.6 94.0 98.0 99.5 

5<T C Dry 

1 m Q , . 

Mean 0.0 37.7 74.1 89.3 93.7 98.5 100 

2 fflQ, 

Mean 2.0 33.0 74 85 94 98 100 

Tho results sot forth in Tablo 15 demonstrate that the curing process stabbed the dissolution profile of 
the morphine sulfate to an endpoint dissolution rate which substantially remained constant oven for the 
samples stored under accelerated conditions. 

EXAMPLE 12 

Controlled R elease Hydromorphone HCI 8 mg Formulations - Acrylic Polymer Coating 
Example 12 is prepared as follows: 

1. Drug Loading. Hydromorphone beads were prepared by dissolving hydromorphone HCI in water, 
adding Opadry Y-5-1442, light pink (a product commercially available from Colorcon, West Point PA* 
which contains hydroxypropyl mothyfcelluloso. hydroxypropyl cellulose, titanium dioxide, polyethylene 
glycol and D&C Red No. 30 aluminum lake) and mixing for about 1 hour to obta.n a 20% w/w 
suspension. This suspension was then sprayed onto Nu-Paroil 18/20 mosh beads using a Wurstor insort. 

2. First Ovorcoat. The loaded hydromorphone beads were thon overcoatod with a 5% w/w gain of 
Opadry Light Pmk using a Wurster insert. This overcoat was appliod as a protoctivo coating. 

3. Rotardant Coat. After tho first overcoat, the hydromorphone beads were thon coatod with a 5% weight 
gam of a retardant coating mixture of Eudragit RS 30D and Eudrag.t RL 300 at a ratio of 90" 10 RS to 
RL. The addition of Triethyl Citrate (a plasticizer) and Talc (anti-tacking agent) was also included in the 
Eudragit suspension. The Wurster insert was used to apply the coating suspension. 

4. Second Overcoat. Once the retardant coating was complete, the hydromorphone beads were given a 
final overcoat of Opadry Light Pink to a 5% weight gain using a Wurster insert. This overcoat was also 
applied as a protective coating. 

5. Curing. After the completion of the final overcoat, the hydromorphone beads were cured in a 45 • C 
oven for 2 days. The cured beads were then filled into gelatin capsules at an 8 mg Hydromorphone 
strength. The complete formula for the beads of Example 12 is set forth in Table 16 below: 
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TAGIE 16 



Procossmg Stop 


Ingrod'Ont 


o • 




Drug Loading 


Hydromorphono HCl 


8 2 


0 0 






73 3 


74 0 




Opadry Lt Pink 


2 I 


9 n 


First Ovorcoat 


Opadry Lt Pink 


4 .4 


4 2 


Rotardant Coat 


Eudragit RS 30D (dry wt.J 


4.0. 


38 




Eudragit RL 300 (dry w(.) 


0.4 


0.4 




Triothyl CitratO 


0.0 


0 0 




Talc 


1.0 


1.7 


Socond Ovorcoat 


Opadry Lt Pink 


5.0 


4J 


Total 




100.0 


09.7 mg 



Dissolution studios were conducted on tho Eudrag.t-coatod hydromorphono beads of Example 12 both 
initially and aftor 28 days, Tho results aro sot forth in Tablo 17 bolow: 

TABLE 17 



Time 


1 hr 


2 hr 


4 hr 


8 hr 


12 hr 


18 hr 


24 hr 


Initial 

28 days at 37-C/80% RH 


17.2 
16 8 


48.4 
50.6 


77.4 
79.7 


93.3 
952 


97.2 
99.0 


98.8 
101.9 


98.8 
102.7 



Tho stability studies of the Eudragit-coated hydromorphono beads as sot forth in Tablo 17 below show 
the initial dissolution to be the same as the dissolution done on samples placod at a 37-C/80% RH 

condition. 

EXAMPLE 13 

In Examplo 13. a single dose six-way randomizod cross-ovor study (ono weok wash-out) was conductod 
m 12 pat.onts and compared to tho rosults obtained with an equivalent dose of an immediate release 
preparation. Blood samples wore takon initially. 0.25. 0.5. 0.75. 1. 1.5. 2. 2.5. 3 3 5 4 6 8 10 12 18 24 
30. 36 and 48 hours aftor administration in order to determine plasma levels. Comparative Example 13a'.s 8 
mg of a hydromorphono immediate release lormulat.on (two tablets of Dilaudid® 4 mg tablets commercially 
ava.lable from Knoll). Example 13 is an 8 mg dose of the encapsulated hydromorphono beads of Example 

The results obtained for Comparative Example 13A are sot forth in Figure 3. Tho results obtained for 
Example 5 are set forth In Figure 4. Figure 5 shows the plasma levels of Example 13 plotted against tho 
results for Comparative Example 13A. The results for Example 13 aro further sot forth in Table 18 below 
which i prov.dos data regarding area under the curve (bioavailability), tho peak plasma concentration (C m . )' 
and tho timo to reach peak plasma concentration (T m „). 

TABLE 18 



Product 


AUC 


Cmax 


Tmax 


PW@HH 


Examplo 13A 2 Dilaudid 4 mg Tablets 
Example 13 
Examplo 1 3 


124271 1792 
13707t 1381 
110% 


30131 539 
12111 153 

40% 


1.10* 0.14 
4.42i 0.38 
402% 


1.67t 0.22 
7.79i 1.96 
466% 



The results obtained for Example 13 showed that at the 12th hour after administration, the blood levels 
of hydromorphone are over 500 pg/ml hydromorphone, and at the 24,h hour after administration, the plasma 
levels are well over 300 pg/ml. Therefore, this product is cons.dered to be suitable for once a day 



24 



EP 0 636 366 A2 



administration. 



EXAMPLES 14-15 



In Examples 14 - 15. a s.nglo doso 4-way randomized crossover study was conducted in 10 subjects 
Example 14 was an 8 mg doso of the hydromorphono boads ol Example 13 - fasted: whereas Example 15 
is an a mg doso of the hydromorphono boads of Example 13 • fed. In Comparative Example 14A 8 mo of 
immediate release hydromorphono (2 DHaudid 4 mg tablots) wore administered • fasted. In Comparative 
Example 15A. 8 mg of immediate release hydromorphono (2 Dilaudfd 4 mg tablots) wore administered • 

The plasma levels for Comparativo Examplos I4A and 15A are sot forth in Figure 8 whereas (ho 
plasma lovols for Examplos 14 and 15 are sot forth in Figure 7. The results for Examples 10 • 17 and 
Comparativo Examplos I8A and 17A are further sot forth In Table 21. which provides data regarding area 
under the curve and percent absorbed as compared to immediate release (bioavailability), tho peak plasma 
concentration (C m „). and the time to reach poak plasma concentration (T m .„). 

TABLE 19 



Group 


AUC 


%IR 






Examplo 14 


21059 


101 


4.9 


1259 


Example 15 


25833 


106 


4.6 


1721 


Example HA 


20903 


100 


0.85 


3816 


Examplo 15A 


24460 


100 


1.15 


3766 



As can be ascertained from the results providod by Examples 14 - 15 and Comparative Examples 14A 
and ISA there <s a minimal food effect for both the immediate release tablets and the controlled-releaso 
beads of Examplos 14 and 15. with a small increase in bioavailability for the controllod-reloase beads of 
fcxamples 14 and 15. Tho plasma levels again confirm that this product is suitable for once a day 
administration. In the 24th hour, tho controlled-reloase product providos plasma levels of nearly 600 pg/ml 
and at tho 12th hour provided plasma levels of over 700 pg/ml. 

EXAMPLES 16-17 

In Examples 16 • 17. a steady-stato 3-way cross-over study is conductod lor 4 days. In Comparativo 
Example 16A. the subjects are dosod with 8 mg immediate release hydromorphono (2 Oilaudid 4 mq 
tablots) every 6 hours. In Example 16, 8 mg of the hydromorphono boads ol Example 15 are administered 
every 12 hours. In Example 17. 8 mg ol the hydromorphone beads ol Example 13 are adm.nistered every 
24 hours. Blood samples are taken on the fourth day. 

The plasma levels for Comparative Example 16A versus the plasma levels for Examples 16 and 17 are 
sot forth m Figure 8. The trough levels for Comparative Examplo 16A versus tho levels for Examples 16 and 
17 are set forth in Figure 9 (the values lor Example 17 are doubled in Figure 9). The results for Examplos 
16 - 17 and Comparative Example 16A are further sot forth in Table 20. which providos data regarding area 
undor the curve and percent absorbed as compared to immediate release (bioavailability), tho peak plasma 
concentration (C m .„). and the time to reach peak plasma concentration (T m „). 

TABLE 20 



Group 


AUC 


AUC* 




c maK 


Cmox 


Example 16 


62223 


27595 


5.5 


3475 


2232 


Example 17 


39233 


28879 


4.8 


2730 


2189 


Comparative Example 16A 


47835 


22236 


1.0 


3124 


2163 



7VUC = 0-12 hr. for Q12H. 0-24 hr. for Q24H, and 0-12 hr. for Q6H 
"Cm.x^C™* minus zero time value 
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With reference to the area under (ho curve (AUC) as a moasuro of b.oava-lab.hty, it can bo ascona-nod 
Uom tho data prov.dod in Tablo 20 that Comparative Exampio I GA and Exampios 16 and 19 all havo an 
oquivalont AUC incroasod cvor tho dosing mtorval. indicating that all dosago rog.mos aro o-oavaiiablo. 

Furthermore, in this study. Exampio 17. wh, C h was only dosod at 8 mg ovory 24 hours, shows that th.s 
formulation prov.dos an oxcollont 24 hour preparation .1 tho amount of boads oro doubled (o provide a onco 
a day dosago of 1G mg, which is tho oquivalont amount of hydromorphono dosod by tho .mmodioto roloaso 
formulation (4 mg ovory 6 hours). Tho minimum or trough concentration shown in Figuro 9 for Exampio 17 
show that th.s product will bo tho oquivalont of tho 4 mg immodiato roloaso formulation (dosod ovory 6 
hours), and thoroforo this would provido on oxcollont onco a day product. 

EXAMPLE 18 

Controllod-Roloaso Morphine Sulfoto 30 mg Formulation ■ Acrylic Polymor Coating 

Exampio 18 is prepared In tho same mannor as the above Examplos. Tho comploto formula for tho 
boads of Exampio 18 Is sot forth In Tablo 21 bolow: 

TABLE 21 



Drug Loadmg 


Ingredients 


Amt/Unit 


Morphine Sulfato Powdor 

Lactose Hydrous Impalpablo 

Povidone 

Nupareil PG 18/20 

Purified Water 

Opadry Red YS-1-1841 

Purified Water Eudragit RS30O 


30.0 mg 
42.5 mg 
2.5 mg 
125.0 mg 
qs 

10.5 mg 
qs 10.3 mg 


Rotardant Coating 


Eudragit RS30O 
Eudragit RL30D 
Triethyl Citrato 
Talc 

Purified Water Opadry Red YS-1-1841 


10.3 mg 
0.2 mg 

2.1 mg 

4.2 mg 
qs 12.0 


Second Overcoat 


Opadry Red YS-1-1841 
Purified Water 


12.0 
qs 


Total 


239.3 mg 



The ratio of Eudragit® RS 30D to Eudragit® RL30D is 98:2. After completion of the final ovorcoal. tho 
morphine beads are cured in a 45 • C oven for 2 days. The cured beads are thon fillod into gelatin capsulos 
at a 30 mg strength. 

The finished product is subjected to dissolution testing initially; after being stored for 3 months and 6 
months at room temperature; and after exposure to accelerated storago conditions (40 • C/75% RH) for one 
month, two months and three months. The results are set forth in Table 22 below: 
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Tabio 22 



Slorogo Conditions Tosting Timo 


Dissolution (% Dissolvod) Tirno (Mr) 




1 Hr. 


2 Hrs. 


4 Hrs. 


8 Hrs. 


12 Hrs. 


Initio! 

1 Month 40'C/75% RH 
3 Months 40*C/75% RH 
3 Months RT 
6 Months RT 


2.G 
5 8 
GO 
G.4 
5.G 


24.7 
27.3 
2G.5 
24.4 
21.1 


GO. 5 
G2.0 
G5.3 
5G.0 
55.0 


09.4 
09.0 
07.6 
03.5 
04.2 


980 
99.1 
95.1 
93.2 

94.0 J 



Tho dissolutions sot forth in Tablo 22 show tho boads of Examplo 18 to bo stable 

f.r m A nfp bl0 ' b, 1 ind ,o in9 ' 0 d ° S ° CrOSS -° VOf s,uc, y is conducted in t2 subjects with regard to tho dosage 
form of Examplo 18 against a standard, commercially available controlled-roloaso morphine sulfate taWo, 
(Compare ,vo Example !8A: MS Contin* 30 mg tablets, available from the Purdue Frederick Company' 
Tho results are set forth In Tablo 23. p y '- 

Table 23 



Pharmacokinetic Parameter 


MS Contin (Pasted) 


Examplo 18 5% Eudragit Coating 






(RS:RL. 98:2){Pasted) 


AUC 


76.2 


93.6 




2.2 


6.1 


Cm** 


9.4 


6.2 



a dmin r , 0 s , Ta!ion <ja,a ^ ^ " ^ pr ° dUCt m3y b ° Sui,ab '° ,0r on ce-a-day 

EXAMPLES 19 - 20 

Therefore In Examples 19-20. high load base beads aro produced wh.ch have a higher load of 
morph.ne sulfate so that larger doses can bo easily administered onco-a-day. The high load boads are 
prepared v,a powdor layering in a Graft Rotor Processor. Tho formulate (or Examplo 19 - 20 is sot forth in 
i able 23 below: 



Table 23 


Ingredients 


High Load Bead mg 


Morphine Sulfate 


30.0 


Lactose 


6.0 


Povidono C-30 


1.25 


Sugar Beads 


7.75 


Opadry 


2.37 


Purified Water 


qs 




47.37 



Since the baso beads are different in comparison to the low load boads used in Example 18 more of 
the relatively soluble Eudrag.to RL is included in the formula, as well as an extra HPMC protective coat 
between the Eudragit® layer and the morphine immediate release layer to further enhance stability 

The formula for the 60 mg dose is set forth in Table 24: 
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Tablo 24 



Ingrodiont 


Ami GO mg Unit (rng) 


Morphine (high load) baso boads 


85 2G 


Rolordanl Coating 




Eudrogit RS 30D 


4 2 


Eudragit RL 30O 


0.1 


Triothyl Cllrato 


09 


Talc 


1.7 


Ovorcoatings 




Opadry Blue YS-1-10542A 


4 9 


Purified Wa(or 


QS 


Morphino Sulfato Powder 


6.0 


Opadry Blue YS-1-10542A 


5.10 


Purified Wator 


qs 




108.16 



Tho beads are then cured In a 45 • C oven (or 2 days, and thereafter are divided Into two portions 
Portion 1 Is filled Into hard gelatin capsules at a strength equivalent to 60 mg and portion 2 Is filled into 
hard gelatin capsules at a strength equivalent to 30 mg. 

Dissolution studios are conducted on both strength capsules. Tho data shows that the percent morphino 
dissolved Is Identical at both strengths. Stability studios are conductod with tho 60 mg capsules Tho results 
for tho 60 mg capsules is set forth in Table 25 below: 



Table 25 



Storage Conditions Timo 


Dissolution (% Dissolved) Timo (Hr) 


1 Hr, 


2 Hrs. 


4 Hrs. 


8 Hrs. 


12 Hrs. 


14 Hrs. 


initial 


1 1.0 


14.0 


24.0 


44.1 


58 9 


83.3 


1 Month 40'C/75% RH 


11. 9 


14.9 


25.0 


43.6 


56.6 


85.1 


2 Months 40*Cf75% RH 


11. 7 


14.7 


25.7 


48.5 


65.5 


93.1 



A bioavailability study is then conducted using the 30 mg strength capsule (Example 19 = fasted- 
Example 20 = fed) with MS Contin 30 mg - fasted (Example 19A) as a referonco. 
The results are set forth in Table 26. 



Table 26 



Pharmacokinetic Parameter 


MS Contin (Fasted) 


Example 19 High Load with 
10% IR Overcoat (Fasted) 


Examplo 20 High Load with 
10% IR Overcoat (Fod) 


AUC 


114 


141 


118 




2.8 


12.9 


8.0 




11.6 


4.0 


5.4 



Figure 10 Is a graph showing the plasma levels of Examples 19-20 (both fed and fasted) versus tho 
plasma levels obtained with Comparative Examplo 19A. From the data obtained, it appears that the product 
is suitable for once-a-day administration. 
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EXAMPLE 21 



10 



Controlled Reloaso Acotaminophon (APAP) tablots aro proparod in accordanco with (ho prosonl 
invontion as follows: 

First, immediate roloaso APAP coros aro proparod by comprossmg Compap coarso L into tablot coros 
weighing 555.6 mg, Compap coarso L contains approximately 90% APAP along with pharmaceutical grado 
oxcipionts including a bindor. dismtogrant and lubricant, and is a diroctly compressible matorial commer- 
cially avaiiablo from Mall.nckrodt. Inc.. St. Louis, MO. Tho APAP tablot coros Includo approximately 500 mg 
of APAP. Tho Compap coarso L is comprossod using a rotary tablot pross oquippod with a 7/!6 H round, 
standard concavo cup, plain, tooling. Tho coros wore comprossod at a thooroticol woight of 555.8 mg and at 
a hardnoss of about 8-9 Kp. 

Noxt. tho APAP tablot cores proparod abovo aro coatod with tho controlled reloase coating of tho 
prosonl invontion as follows: 

Approprlato amounts of Eudragit RS-30D and Eudragit RL-30O aro comblnod, and purifiod wator is 
/s addod. Tho amount of purifiod wator Is calculated such that tho final coaling suspension will havo a 
concentration of about 20% of solids polymer, plasticizor and talc. Then triothyl citrato Is addod with mixing 
for 15 minutes. Thereafter, talc is addod with mixing for an additional 15 minutos. Tho appropriate quantity 
of APAP tablot cores aro loadod Into an Accola Cola coating pan. Tho coating suspension is sprayed from 
an appropriato spray gun until a weight gain of 4% per tablot of tho polymor coating is attainod. 
20 Aftor the spraying of tho functional coat Is completed, the tablets aro sprayed with a film coat of 
Opadry, This coat is sprayed in a similar manner to tho functional coat. 

Further information concerning the Controlled Coated APAP tablots is sot forth in Tablo 27 below: 



Tablo 27 

25 



Ingredients 


mg/tab 


APAP IR tablot cores 


555.60 


Eudragit RS-30D (solids) 


5.56 


Eudragit RL-30D (solids) 


16.66 


Triothyl citrate 


4.44 


Talc 


8.89 


Opadry White Y-5-7068 


18.28 


Purified Wator 


qs 


Total 


609.43 



Aftor completion of the coating process, the functional coatod tablots aro discharged into a curing tray 
and cured in a chamber at a temperature of 45 'C for 48 hours. Tho rosults of dissolution tosting for the 
coated tablets are set forth in Tablo 28 below: 

Tablo 28 



Test Period (Hours) 


% APAP Dissolved 


1 


2.1 


2 


4.8 


4 


10.4 


8 


20.0 


12 


29.2 


18 


41.2 


24 


52.1 



55 EXAMPLE 22 

In Examplo 22. controlled release Acetaminophen (APAP) tablets are prepared. To provide a faster 
dissolution is required, the amount of Eudragit RL-30D is increased and the amount of Eudragit RS-30D is 
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to 



deceased. Consequently, controlled release APAP (ablets are proparod containing only Eudrag-t RL-30D 
and no Eudrag. t RS-30D. APAP coros are mado as desenbod m Exampio 4 Next, lh 0 APAP tablet coros 
prepared above aru coated with tho controlled roioaso coating of tho prosont mvonnon as follows: Punf.od 
water is added to tho Eudrag. I RL-30D. Th 0 amount of punf.od wator ,s calculated such that tho f.nal coating 
suspension w.ll have a concontrolion of about 20$ of solids polymor. plasdazor and talc. Thon. tr. ethyl 
c.trato .s addod with mixing for 15 minutos. Thon. talc is addod with mixing (or an additional 15 minutos 
The appropriate quantity of APAP tablot coros aro loadod Into an Accola Cota coalmg pan. Tho coating 
suspons.on is sprayod from an appropriate spray gun until a woight gam of 4% p0 r tablot of tho polymors Is 
attained 

After tho spraying of tho functional coat is complolod, tho tabfots aro sprayod with a film coot of Opodry 
to provont tho tablots from sticking. This coat is sprayod in a similar mannor to tho functional coot. 

Furthor information concerning tho Controliod Roloaso Coatod APAP tablots Is sot forth In Tabio 29 

bolow: 



Tablo 29 



Ingrodionts 


mg/tab 


APAP IR tablet cores 


555.60 


Eudragit RL-30D (solids) 


22.22 


Triethyl citrato 


4.44 


Talc 


8.89 


Opadry Whito Y-5-7068 


18.28 


Purifiod Wator 


qs 


Total 


609.43 
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After completion of tho coating process, tho functional coatod tablets aro dischargod into a curing tray 
and cured in a chamber at a temporaturo of 45 "C for 48 hours. Dissolution tost.ng of tho coated tablots 
providos tho data set forth in Tablo 30 below: 



Tablo 30 



Tost Poriod (Hours) 


% APAP Dissolvod 


1 


2.5 


2 


6.2 


4 


14.6 


8 


29.8 


12 


42.0 


18 


56.6 


24 


68.1 



Tho examples provided above are not meant to be exclusive. Many olhor variations of tho prosont 
invention would be obvious to those skiltod in the art, and are contemplatod to bo within tho scopo of tho 
appondod claims. 



Claims 
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A controlled release dosage form, comprising 

a solid substrate comprising an effective amount of a therapeutically active agent, said solid 
substrate being coated with an aqueous dispersion of a plasticized acrylic polymor in an amount 
effective to provide a controlled release of said therapeutically active agent when said coated substrato 
is exposed to gastrointestinal fluid, said coated substrate when subjected to in-vttro dissolution after 
exposure to accelerated storage conditions of at least one month at 40*C^75% Relative Humidity 
releasing an amount of said therapeutically active agent which does not vary at any given dissolution 
time point by more than about 20% of the total amount of therapeutically active agent released when 
compared to in-vitro dissolution conducted prior to storage. 
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2. Tho dosage form of claim I. effractor. zod in thai said coaling .5 suffiaont to prov.do offoctivo blood 
lovols of said thorapoutically activo agont for at loast about 12 hours, said coatod substrato upon m- 
vKro dissolution tostmg providing a band rango. whon comparing (ho dissolution prof-lo aftor oxposuro 
to accoloratod storago conditions of at loast ono month at a tomporaturo of 40 * C and a rolativo 

5 humidity of 75% to tho dissolution profilo prior to oxposuro to said accoloratod conditions, which is not 

widor than about 15% of total activo agont roloasod at any point of time. 

3. Tho dosago form of claim 2, charactorizod in that sa.d coatod substroto Is curod at a tomporaturo 
groator than tho gloss transition tomporaturo of tho aquoous dispersion of plost.ozod acrylic polymor to 

to causo individual acrylic polymor particles in said coating to coalosco and to gradually slow tho rolonso 

of said activo agont whon oxposod to an onvlronmontal fluid, until said band range Is obtamod. 

4. A solid controllod roloaso oral dosago form, comprising a substrato containing a systomicnlly activo 
therapeutic agont in an amount sufficient to provido a desired therapoutic offoct whon said formulation 

>s is orally administered, said substrato being coatod with an aquoous dispersion of plasticlzod acryi.e 
polymer to a weight gain from about 2% to about 25%. said coating being sufficient to obtain a 
controllod roloaso of said activo agont whon moasurod by tho USP Paddle Mothod at 100 rpm at 900 
ml aqueous buffer (pH botwoon 16 and 7.2) at 37 *C from about 12.5% to about 42.5% (by wt) activo 
agont released after 1 hour, from about 25% to about 55% (by wt) activo agent released after 2 hours, 

20 from about 45% to about 75% (by wt) active agent released aftor 4 hours and from about 55% to about 

85% (by wt) active agent released aftor 8 hours, said coatod substrate, when subjected to accoloratod 
storago conditions of at loast ono month at 40 • C/75% Relativo Humidity, releasing an amount of said 
therapeutically active agont upon in-vitro dissolution which doos not vary at any given timo point by 
more than about 20% of the total amount of therapeutically activo agont released when compared to in- 

25 vitro dissolution conducted prior to storago. 



5. 



The dosago form of claims 1-4, which provides thorapoutically offoctivo blood levels whon administered 
orally for at least 24 hours. 



oo 6. The dosago form of claims 1-5. wherein said substrato is coatod to a weight gain from about 2% to 
about 25%. 

7. Tho dosago form of claims 1-6. wherein said therapeutically activo agont is solectod from tho group 
consisting of antihistamines, analgesics, non-steroidal anti-inflammatory agonts, gastro-intestinats. anti- 

35 emetics, anti-epileptics, vasodilators, anti-tussive agonts. expoctorants. anti-asthmat.es. hormonos, 

diuretics, anti-hypotensives. anti-hypertensives, bronchodilators. antibiotics, antivirals. antihomor- 
rhoidals, steroids, hypnotics, psychotropics, antidiarrhoals. mucolytics, sedativos. decongestants, laxa- 
tives, vitamins, and stimulants. 

8. The dosage form of claims 1-7, wherein said substrato is a pharmaceutical^ acceptable bead, and a 
plurality of said coatod. cured beads are placed in a capsulo in an amount sufficient to provide an 
effective controlled release doso when contacted by an aqueous solution. 

9. Tho dosage form of claims 1-8, wherein said substrato is a tablot coro. 

10. The dosage form of claims 1-8, wherein said therapeutically activo agont is an opioid analgosic 
selected from the group consisting of hydromorphono. oxycodone morphmo. iovorphanol. mothadono. 
meperidine, heroin, dihydrocodemo, codeine, dihydromorphine. bupronorphmo. salts of any of tho 
foregoing, and mixturos of any of tho foregoing. 

50 

11. Tho dosago form of claim 3. wherein said coating is curod for a timo period from about 24 to about 48 
hours. 
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12. Tho formulation of claims 1-11. whorein said coating further comprises a pormeabiltty-enhanctng 
compound in an amount effective to modify the rate of release of said therapeutically active agent from 
said cured, coated substrate. 
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13. Tho formulation of claims l-M. wherein sa,d pormoabil.ly-onhancing compound is a m 0 noothylon, C al!y 
unsaturated quaternary ammonium compound capablo of froo-<adical polymerization 

14. Tho dosago form of claims 1-4. wherein said coaiod subsiralo includos at loast on 0 possagoway 
through said coaling which modif.os tho roioaso ol said systom.caiiy active thorapout.c agont. 

15. Tho dosago form of claims 1-4. which provides a stabilized dissolution of said active agent which is 
unchanged oftor oxposuro to accetoratod storago conditions of a temperature ol 40-C and a roiadvo 
humidity of 75% (or 3 months. 

16. Tho dosago form of claims 4. 5. 7 and 10. whoroin a portion of (ho amount of sa.d octlvo agont 
mcludod in said formulation is incorporated into a coating on said substroto. 

17. Tho dosago form of claim 2. characterized In that tho band range, when comparing tho dissolution 
profilo aftor oxposuro to accolorotod storago conditions of at loast ono month at a tomporaturo of 40 • C 
and a relative humidity of 75% to tho dissolution profile prior to exposure to said accelerated 
conditions, does not diffor by moro than about 10%. 

18. Tho dosago form of claim 2. characterized in that the band range, when comparing the dissolution 
profile after exposure to accelerated storago conditions ol at (east ono month at a tomperaturo of 40-C 
end a relative humidity of 75% to tho dissolution profile prior to exposure to said accelerated 
conditions, does not differ by more than about 7%. 

19. A method of treating a human patient, comprising orally administering the oral solid dosage form of 
claims 1-18. 

20. A controlled release formulation comprising a substrate containing an active agent In an amount 
sufficient to provide a desired effect in an environment of use. said active agont being seloctod from 
tho group consisting of a locally active thorapoutic agent, a disinfecting agont. a cleansing agent a 
fragrance, a fertilizing agent, a deodorant, a dye. an animal repellent, an insect ropeilant. a pesticldo a 
horbicido. a fungicide, and a plant growth stimulant, said substrato coated with an aquoous dispersion 
ol plastic.zed acrylic polymer in an amount sufficient to obtain a controllod roloase ol said active agont 
when said formulation is exposed to an environmental fluid, said coatod substrato being curod at a 
temperature greater than tho glass transition temperaturo ol tho aquoous dispersion ol plaslicizod 
acrylic polymer lor at least about 24 hours, until a curing endpoint is reached at which said coatod 
substrate providos a stabilized dissolution ol said active agent which is unchongod alter exposure to 
accelerated storago conditions, said endpoint being determined by comparing tho dissolution profilo ol 
tho formulation immediately aftor curing to tho dissolution profile of the formulation alter exposure to 
accelerated storage conditions of at least ono month at a tomporaturo of 37 ■ C and at a relativo 
humidity of 80%. 

21. The formulation ol claim 20, wherein said substrate is coated to a weight gain from about 2 to about 

22. The formulation of claim 20. wherein said locally active therapeutic agent is seloctod from the group 
consisting ol an antifungal agent, an antibiotic, an antiviral agont. a breath freshonor, an antitussive 
agont, an ant.-cariogenic agent, an analgesic agent, a local anesthetic, an antiseptic, an antiflammatory 
agent, a hormonal agent, an antiplaque agent, an acidity reducing agent, and a tooth dosensitizer. 

23. The formulation of claim 20. wherein said substrato is a tablet coro. 

24. Tho formulation ol claim 20. wherein said coating is cured (or a time period Irom about 24 to about 40 

hours. 

25. The formulat.on of claim 20. wherein said coating further comprises a permeability-enhancing com- 
pound tn an amount effective to modify the rate of release of said active agent from said cured coated 
substrate. 
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26. Tho formulation of claim 25. whoro.n raid pormoab,.,.y-onhancing compound is a monoo.hy,on,cally 
unsaturated qualornary ammonium compound capable of froo-radical polym 0 ri*alion. 

27. A mothod of treating a patient w„h a controlled ro.oaso oral solid dosago form which provides an 
offoct.vo blood lovol of a therapeutically active agon, tor a predetermined amount of time comprising- 

preparing a sohd subs.ralo comprising a sufficient amount of a therapeutically active agent to 
provide therapeutically effective blood levels in the patient for about 12 to about 24 hours 

coating said substrate with a sufficient amount an aqueous dispersion of plostidzod ethylcolluloso 
to ob.a.n a predetermined controlled release of said activo agon, when said coa.ed subs.ra.e is 
io oxposod to an environmental fluid, and 

curing said coa.ed substrate at a lomporaluro greater .han .ho glass (ransition temperature of .ho 
aqueous dispersion of plasties acrylic polymer for a. least about 24 hours, until a curing ondpoint Is 
reached at which said coa.ed substrate provides a stabilised dissolution of said activo agon, which Is 
unchanged after exposure to accelerated storage conditions, said ondpoint being determined bv 
comP«r,ng the dissolution profile of (ho formulation Immediately after curing to the dissolution profile of 
the formulation after exposure to accelerated storage conditions of at leas, one month at a temperature 
of 37 • C and at a relatlvo humidity of 80%. 

and administering an oral solid dosago form comprising said cured, coaled substrate to tho patient 
to thereby obtain the desired therapeutic effect for about 12 to about 24 hours 

28. A mothod for obtaining an controlled reloaso formulation of an active agent, comprising- 

preparing a solid substrate comprising an active agent; 

coating said substrate with a sufficient amount an aqueous dispersion of plasticized acrylic polymer 
to obtain a predetermined controlled release of said active agent when said coated substrate is 
?s exposed to an environmental fluid, and auusira.e is 

curing said coated substrate at a temperature greater than the glass transition temperature of tho 
aqueous dispersion of plasticized acrylic polymer lor at least about 24 hours, until a curing endpoint Is 
reached at which said coated subs.ra.e provides a stabilised dissolution of said active agent which Is 
unchanged after exposure to accelerated storage conditions, said ondpoint being determined by 
comparing the dissolution profile of the formulation immediately after curing to the dissolution profile of 
the formulation aftor exposure to accelerated storage conditions of a. leas, one mon.h at a temperature 
of 37 • C and at a relative humidity ol 80%. 

29. Tho mothod of claim 28. wherein said activo agon, is soloctod from .ho group consisting of a 
systemically active therapeutic agent, a locally active therapeutic agon., a d.sinloc.ing ag0 n. a 
cleansing agent, a fragrance, a fertilizing agon., a deodorant, a dyo. an animal ropollant an insect 
ropellant. a pesticide, a herbicide a fungicido. and a plant growth stimulant. 

30. The method of claim 29. wherein said locally active therapeutic agent is selected from the group 
consisting of an antifungal agent, an antibiotic, an antiviral agont. a breath freshener, an antitussive 
agent, an , anli-cariogonic agent, an analgesic agent, a local anesthotic. an antiseptic, an antillammatory 
agont. a hormonal agent, an antiplaque agont, an acidity reducing agont, and a tooth dosensitizor. 

31. The method ol claims 27-28. characterized in that said substrate comprises pharmaceutical^ accept- 
able inert beads, further comprising coating said therapeutically active agont onto the surface ol said 
inert beads, and preparing said oral dosago form by placing a sufficient quantity of cured coatod beads 
into a capsule. 

32. The method of claim 27-28, further comprising preparing sa,d substrate for oral adm,n, S .rat,on by 
■>o incorporating said therapeutically active agent into a tablet. 

33. The method of claims 27-28. wherein said coated substrate is cured tor about 24 to about 48 hours 
until said endpoint is reached. 

55 34. The method of claims 27-28. further comprising coating said subs.ra.e to a we.gh. gain from about 2% 
to about 25%. 
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35. Tho method of claims 27-28. whorom sa<d active agont is soloctod from Iho group consisting 0 f 
antihistamines, anaigosics, non-sloroidal ani.-mMammatory agonts. gaslro-mtostmals. ant.-omotics, anh- 
opiloptics. vasodilators, anti-tussivo agonts. expectorants, anti-astfimaucs. honnonos. d.urot-cs, anti- 
hypoionsivos. and-hyportonsivos. bronchodiialors. antibiotics, antivrrals. ant. hemorrhoidals, storoids. 
hypnotics, psychotropics, antidiarrhoals. mucolytics, sodat.vos, docongostants, laxat.vos. vitamins, and 
stimulants. 

3G. Tho mothod of claims 27-28, whorom said act-vo agont is an op.oid onalgosic soloctod from tho group 
consisting of hydromorphono, oxycodone morphine, lovorphanol. molhadono. moporidino. horom, 
dihydrocodoino. codomo, dihydromorphino. bupronorphino. salts thereof, and mlxturos thoroof. 

37. Tho mothod of claims 27-36. which providos a roloaso of said active agont for at least About 24 hours. 

38. Tho method of claims 27-28, furthor comprising incorporating a pormoabllityonhanclng compound In 
said aquoous dispersion of acrylic polymer in an amount effoclivo to modify tho rate of roloaso of said 
active agent from said cured, coatod substrato. 

39. The formulation of claims 1-32, wherein said acrylic polymor comprlsos a mixture of copolymers of 
acrylic and methacrylic esters having a molar ratio of ammonium groups to (moih)acryllc esters from 
about 1:20 to about 1:40. 



40. Tho formulation of claims 1-32, wherein said acrylic polymer comprises a mixture of a first copolymer 
of acrylic and methacrylic esters having a molar ratio of ammonium groups to (meth)acryllc esters of 
about 1:20 and a second copolymer of acrylic and methacrylic esters having a molar ratio of 
ammonium groups to (meth)acrylic esters of about 1:40, the ratio of said first copolymer to said second 
copolymer being from about 0:100 to about 100.0. 

41. The formulation of claims 1-32, wherein said acrylic polymer is comprised of monomers selected from 
the group consisting of an ester of acrylic acid, an ester of methacrylic acid, an alkyl ester of acrylic 
acid, an alkyl ester of methacrylic acid, and mixtures of any of the foregoing. 
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FICURE 1 
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FICURE 2 
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